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You must be brave to do it — publishing a new book on reproductive surgery 
in the era of IVF! I welcome it with open arms. It reflects the conviction of 
the editors and the importance of this discipline. All those involved in fertility 
treatment should read this very informative book. 

Not only does this book evaluate, in an objective way, the possibilities of 
surgery in enabling patients to conceive spontaneously, but also points out the 
importance of surgery in improving results in those patients referred to an 
IVF program. 

Surgical treatment of distal and proximal tubal disease is clearly explained, 
highlighting the importance not only of patency but also of functionality. In 
case of proximal occlusion, a simple tubal cannulation can achieve pregnan- 
cies avoiding the need for expensive and invasive assisted conception 
treatment. 

Acquired and congenital uterine anomalies are extensively discussed 
including the implications of the new ESHRE/ESGE classification of con- 
genital uterine anomalies. The place and techniques of laparoscopic, hystero- 
scopic surgery and — where indicated — surgery by laparotomy is described 
for the different types of uterine myomas, not excluding the discussion of the 
questionable benefit of surgical treatment of intramural fibroids upon preg- 
nancy outcomes. 

Speaking about reproductive surgery, we cannot do without mentioning 
the place of surgery in women with endometriosis. Is endometriosis a disease 
to be treated surgically? This question has to be balanced against the potential 
danger of impairing the ovarian reserve. The different techniques and their 
relative effect on ovarian function are discussed. 

This book clearly highlights the place of reproductive surgery and bal- 
ances it against the place of assisted reproductive technologies. All those 
involved in reproductive medicine trying to give couples the most accurate 
and individualized treatment to achieve a pregnancy and a healthy baby 
should embrace this book. 

No, reproductive surgery is not obsolete! It should not become a lost art. 
Evolution in reproductive medicine is a mirror of the movement of the pen- 
dulum of Foucault. We are convinced that after an enormous explosion of 
ART treatments, reproductive surgery will continue to spark interest and ful- 
fill its deserved place in the arsenal of fertility treatments. 


Leuven, Belgium Stephan Gordts 
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Before 1978 and the dawn of the era of IVF, tubal surgery offered the only 
hope for women with tubal factor infertility. The rise in the use of IVF has 
been met with a decline in the use of reproductive surgery where assisted 
conception is viewed by many as the ultimate treatment for fertility problems. 
It is interesting how this misconception has come to be despite evidence to 
the contrary. Despite advances in assisted conception techniques over the 
decades, success rates have only modestly increased and it remains a fact that 
many couples undergoing assisted conception treatment will still not succeed 
in achieving a pregnancy. Should we therefore not be exploring alternatives 
and should women not be offered choices. 

Indeed there are many situations where reproductive surgery is essential 
and goes hand in hand with assisted conception. There are also situations 
when reproductive surgery can offer an alternative approach with similar suc- 
cess rates. A clear example is hydrosalpinx. Removal of the diseased tube 
(salpingectomy) will improve IVF success rates; and reconstructive tubal sur- 
gery (salpingostomy) when feasible can also produce conception rates simi- 
lar to that of IVF. Other examples include fibroids, endometriosis and uterine 
anomalies. 


vii 
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There are many dedicated surgeons around the world who have kept the 
speciality of reproductive surgery very much alive and flourishing. We share 
their enthusiasm and believe that reproductive surgery is not just an option 
but sometimes an essential intervention in couples with infertility. 

We would like to extend our deepest gratitude to all those who have played 
a pivotal role in production of this work including editorial staff at Springer, 
our colleagues and families. Special gratitude goes to Victoria John, Editor at 
Springer, without whose help and enthusiasm this project would never have 
been launched. Our sincere thanks go to Margaret Burns, Developmental 
Editor at Springer, for her tireless dedication to organising this work and 
keeping us on track with deadlines. 

We sincerely hope that this book will provide a useful guide to those pro- 
viding care for women who wish to conceive and an inspiration to our younger 
colleagues who have developed an interest in reproductive surgery. 


Sheffield, UK Mostafa Metwally 
Hong Kong, China Tin Chiu Li 
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Part I 


Tubal Factor Infertility 


Ya Qiong Chen, Hai Yan Hou, and Tin-Chiu Li 


Disease of fallopian tube is an important cause 
of infertility worldwide [1]. Tubal occlusion can 
affect any segment of the fallopian tubes, but most 
commonly affects the distal tube and accounts for 
~80 % of tubal diseases. Tubal impairment often 
occurs following pelvic inflammatory disease, 
pelvic and abdominal surgery and endometriosis. 
Pathology in the distal portion of the tube may 
vary from peritubal adhesions, damaged fim- 
briae, distorted tubal anatomy to tubal blockage 
leading to the formation of hydrosalpinx. 

There is a mistaken belief that transvaginal ultra- 
sonography is a clinically reliable method to diagnose 
hydrosalpinx. However, it is well recognized that the 
size of hydrosalpinx fluctuates from time to time, 
with the result that certain hydrosalpinges appear to 
be intermittent in nature. Many IVF specialists will 
have come across situations in which a hydrosalpinx 
appears during oocyte retrieval or embryo transfer 
out of the blue for the first time, despite earlier ultra- 
sound examination by an experienced member of the 
staff. Conventional pelvic ultrasonography should 
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not therefore be relied upon to exclude a hydrosal- 
pinx. More reliable methods of diagnosis include 
hysterosalpingography (HSG), Ultrasonography 
and Sonohysterography (USS), laparoscopy and 
Hysterosalpingo-Contrast Sonography (HyCoSy) [2]. 

Laparoscopy is still considered as the “golden 
standard”. For couples with infertility associated with 
distal tubal disease, there are two therapeutic options: 
reconstructive tubal surgery and in vitro fertilization. 
The decision-making process requires detailed dis- 
cussion on the effectiveness, adverse effects and cost 
of the procedures. Tubal surgery is not obsolete. It 
may be more cost-effective than IVF in selected 
cases and improves the results of IVF treatment. 
Endoscopic evaluation of the tubal mucosa (salpin- 
goscopy) is essential to help decide if reconstructive 
tubal surgery is appropriate. In the case of unsuccess- 
ful reconstructive surgery or if a hydrosalpinx is 
irreparably damaged, a salpingectomy prior to in 
vitro fertilization ought to be considered. 


Hysterosalpingography 


HSG has been used by many centers as a first 
line investigative tool for the fallopian tube [3] 
because of its safety and low cost. The National 
Institute for Clinical Excellence (NICE) recom- 
mends that women who are not known to have 
co-morbidities (such as pelvic inflammatory 
disease, previous ectopic pregnancy (EP) or 
endometriosis) should be offered HSG to 
evaluate tubal patency [4]. 
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Fig.1.1 HSG features of distal tubal disease. (a) Bilateral 
distal tubal obstruction with hydrosalpinx, the left being 
more obvious than the right side; (b) Proximal tubal 


In reviewing the HSG films, the condition of 
the ampullary mucosal folds, any strictures, 
intratubal adhesions, spillage of dye and the pat- 
tern of dispersion of the contrast medium should 
be carefully examined. In the absence of proxi- 
mal tubal occlusion, hydrosalpinges, if present, 
are readily visible (Fig. 1.1). However, if there is 
concurrent proximal tubal occlusion, the condi- 
tion of the distal portion of the tube will not be 
revealed. 


Ultrasonography and 
Sonohysterography 


Transvaginal sonography may, from time to time, 
detect hydrosalpinges (Fig. 1.2). A European mul- 
ticenter study involving nine medical centers and 
1,066 women with known adnexal masses before 
surgical evaluation reported a sensitivity of 86 % 
for detecting hydrosalpinx [5]. In differentiating 
hydrosalpinx from other pathologic conditions, 
the sensitivity and specificity of ultrasonography 
was 93.3 and 99.6 % respectively [6]. 


Laparoscopy 
Whilst laparoscopy is considered as the gold stan- 


dard for the diagnosis of tubal disease, it is not rec- 
ommended as a first line, routine investigation for 
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blockage affecting the right tube and distal tubal obstruc- 
tion in the left tube resulting in the formation of a 
hydrosalpinx 


women with infertility because it is a surgical pro- 
cedure and so incurs risks and costs. Laparoscopy 
should be considered only in a selected population 
of women with infertility when the likelihood of 
tubal or pelvic pathology is increased, for exam- 
ple, when HSG shows evidence of tubal disease, 
or when there is relevant history such as repeated 
pelvic inflammatory disease or pelvic surgery, or 
in the presence of significant symptoms such as 
dysmenorrhoea or dysparaunia. The advantage of 
laparoscopy on the other hand is that it enables 
accurate diagnosis and treatment to be carried out 
at the same time. Figure 1.3 shows a selection of 
various pathology affecting the fallopian tube in 
women with infertility. 


Other Methods 


A number of other methods are also available but 
each has its limitations. Ultrasound and HyCoSy 
enables provides simultaneously evaluation of 
ovarian reserve and structure, uterine cavity con- 
tour, myometrial structure and tubal architec- 
ture and patency. However, its sensitivity in the 
diagnosis of distal tubal disease is not as good 
as HSG. Transvaginal hydro-laparoscopy is more 
sensitive than HyCoSy in the diagnosis of distal 
tubal disease but unlike laparoscopy, it does not 
permit tubal surgery to be carried out at the same 
time. Fertiloscopy is now almost obsolete. 


1 Distal Tubal Disease 
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Fig. 1.2 (a, b) Ultraonographic appearance of hydrosal- 
pinges. Hydrosalpinges typically appear as a tubular cys- 
tic lesion in the adnexa, often with incomplete septa 
corresponding to the bends (arrows) and kinks of the 
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Fig. 1.3 A selection of laparoscopic findings in women 
with tubal infertility. (a) Unilateral distal tubal obstruction 
with the formation of a relatively small hydrosalpinx 
(arrow) without peri-tubal adhesion; (b) Peritubal adhe- 
sions involving the fimbrial end and the ovary (arrow); 
(c) Bilateral tubal occlusion with large distal haematosal- 
pinges (arrow); (d) Distal fimbrial atresia without the for- 
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dilated tube. The fluid inside the hydrosalpinges may have 
variable echogenecity, depending on the presence or 
absence of blood or pus inside the dilated tube 


mation of hydrosalpinx (arrow); (e) Congenital absence 
of mid-segment of the tube; (f) Left tube adherent to the 
abdominal wall; (g) the distal portion of both fallopian 
tubes are stuck together in the Pouch of Douglas; (h) An 
old ectopic pregnancy tissue (arrow) over the fimbrial end 
of the tube causing obstruction; (i) Congenital absence of 
left fallopian tube and left ovary 
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Fig. 1.3 (continued) 


Treatment of Hydrosalpinges: 
Surgery or IVF? 


In women with infertility associated with hydro- 
salpinges, the treatment options are either tubal 
surgery or IVF. The latter option appears more 
popular because IVF treatment has a number of 
apparent advantages. First, the success rate of 


IVF treatment is steadily increasing, with many 
centers achieving a clinical pregnancy rate of 
>30 % per cycle initiated, which is as good as, if 
not better than the mean pregnancy rate achieved 
following salpingostomy reported in the litera- 
ture. Second, IVF treatment produces a result 
faster than surgery, as it takes time for the patient 
to recover from the surgery and then to conceive. 


1 Distal Tubal Disease 


Third, IVF treatment along with the associated 
technological advances seems more fashionable 
than traditional tubal surgery and is therefore 
more appealing to most patients. Lastly, surgery 
is often considered as a more invasive option and 
is chosen only after simple, medical treatment 
has not been successful. Not surprisingly, many 
patients and specialists opt for IVF treatment in 
preference to tubal surgery. 


Hydrosalpinges Impair the Success 
Rate of IVF 


Nevertheless, the presence of hydrosalpinges is 
associated with a poorer IVF-ET outcome, sig- 
nificantly lower implantation and intrauterine 
pregnancy rates compared with other types of 
tubal disease. Accumulated hydrosalpingeal 
fluid is thought to be embryo toxic [7] and may 
also disrupt endometrial receptivity [8]. The 
live birth rate (LBR) of patients with hydrosal- 
pinges undergoing IVF is only half that of 
women who do not have hydrosalpinges. A pro- 
spective randomized multicentre trial on salpin- 
gectomy prior to IVF showed that LBR of 
women with hydrosalpinges after salpingec- 
tomy was 28.6 %, which was significantly 
higher than women who did not have prior sal- 
pingectomy (16.3 %). In a Cochrane review, 
salpingectomy before IVF was found to pro- 
duce 1.75- to 2.13-fold higher odds of preg- 
nancy and live birth, respectively. For patients 
who had unilateral hydrosalpinx with a contra- 
lateral patent tube, removal of the unilateral 
hydrosalpinx before treatment also has a posi- 
tive effect on pregnancy rates after IVF. 

It has been shown that leukaemia inhibitory 
factor (LIF) expression in the mid-luteal phase 
endometrium of infertility women with hydrosal- 
pinges was significantly lower than control fertile 
subjects. On the other hand, salpingectomy 
resulted in increase of LIF expression in 80 % 
(8/10) subjects with hydrosalpinges [9]. A further 
study confirmed that the expression of LIF and 
L-selectin ligand in the endometrium of women 
with hydrosalpinx improved after salpingectomy 
or salpingostomy [10]. 


Is Tubal Surgery Prior to 
IVF Cost Effective? 


Although there is convincing evidence that in 
women with hydrosalpinges, salpingectomy 
prior to IVF treatment improves outcome, it 
is debatable whether it is cost effective to rou- 
tinely perform surgery prior to IVF treatment in 
this group of women, as surgery itself incurs an 
extra procedure and the associated cost. One may 
reasonably ask, is it more appropriate to proceed 
with IVF treatment first and to consider surgery 
only if the IVF treatment has not been successful. 
The cost effectiveness of routine salpingectomy 
prior to IVF treatment has been examined in a 
randomized control trial. In the group of women 
who proceeded to IVF treatment (up to three 
cycles) without salpingectomy, the average cost 
per live birth was 29,517 Euro, compared with a 
significantly reduced cost per live birth of 22,823 
Euro in women who underwent salpingectomy 
before undergoing IVF treatment. There is there- 
fore a strong argument to recommend routine sal- 
pingectomy prior to IVF treatment. 


Salpingostomy or Salpingectomy? 


Whilst the case for surgery to remove hydrosal- 
pinx prior to IVF treatment has been established, 
a further question remains: should all hydrosal- 
pinges be removed or should tubes be removed 
(salpingectomy) only if they are grossly dam- 
aged with little prospect of spontaneous con- 
ception but tubes which are minimally damaged 
with a good prospect of spontaneous conception 
be reconstructed (salpingostomy)? The answer 
to the question depends on the likely outcome of 
salpingostomy. A published report claimed that 
term delivery rate after salpingostomy in two 
non-special hospitals was only 5 % (2/40) [11]. 
However, in another center with a special interest 
in tubal surgery, the mean success rate was much 
higher, with live birth rate (LBR) of 29 % (28/97) 
and intrauterine pregnancy rate of 34 % (33/97) 
[12]. More importantly, it has been demonstrated 
that careful case selection is a most important 
factor in determining the success rate, based on 


the severity of the tubal damage [13]. The term 
pregnancy rate after salpingostomy in women 
with mildly damaged tube was as high as 39 %, 
but in women with severely damaged tube it was 
as low as 8 %. In general, features indicative of 
good prognosis for reconstructive tubal surgery 
(salpingostomy) include a small size hydrosal- 
pinx, the wall of which is not thickened, with no 
or minimal peri-tubal adhesions and most impor- 
tantly, the mucosa of the tube is normal or only 
minimally damaged. 


Assessing Tubal Mucosa 


At laparoscopy direct inspection of the distal 
one-third of the lumen and mucosa of the fallo- 
pian tube may be carried out, a procedure called 
salpingoscopy. Historically, salpingoscopy was 
performed with a specially designed and adapted 
laparoscope called salpingoscope but salpingos- 
copy can nowadays be easily performed with the 
use a diagnostic hysteroscope, as shown in 
Fig. 1.4. The hysteroscope, connected to a sepa- 
rate camera system to the laparoscope, can be 
introduced through an accessory trocar on the 
side of the pelvis opposite to the tube to be exam- 
ined [14]. Under guidance of the laparoscope, the 
hysteroscope (salpingoscope) is introduced via 
the fimbrial end to the ampullary region of the 
tube. As in the case of hysteroscopy, fluid (water 
or normal saline) may be introduced into the 
tubal lumen which then distends the lumen and 
permits examination of the mucosa. Normal tubal 
mucosa is characterized by the presence of three 
major folds, pink mucosa with normal vascula- 
ture, and absence of intra-luminal adhesions and 
fibrosis (Fig. 1.5). The prognosis in such cases is 
good [15]. On the other hand, the presence of 
intra-luminal mucosal adhesions and fibrosis 
indicates a poor prognosis for reconstructive sur- 
gery and so the tube should be removed (Fig. 1.5). 


Techniques of Salpingostomy 


Once a decision has been made to perform sal- 
pingostomy, several steps should be followed 
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(Fig. 1.6): (i) any adhesions around the tube 
should be removed, to completely mobilize the 
tube; (ii) the blocked ostium is then located, if 
necessary, aided by the introduction of methylene 
blue dye into the tube to provide some disten- 
sions; (iii) using a pair of scissors, a small open- 
ing is made over the thin, avascular adhesions 
covering the ostium. The scissors with the closed 
jaws or a pair of atraumatic grasping forceps with 
closed jaws are then introduced into the fimbrial 
end. The jaws are then gently open to enlarge the 
opening. Using a pair of scissors to open up the 
ostium is preferred to the use of diathermy as it 
minimizes the risk of thermal injury to the fim- 
briae. Occasionally, if the opening cannot be 
enlarged by gentle stretching, a small cruciate 
incision may be made prior to further stretching 
of the fimbrial opening; (iv) careful Inspection of 
the fimbrial end by zooming in the laparoscope to 
ascertain if there is evidence of adhesions or 
fibrosis. If there is already evidence of significant 
disease, salpingoscopy will not be necessary as 
the tube should be removed in view of the poor 
prognosis. However, if the fimbrial end appears 
normal, salpingocopy should be carried out at 
this stage to confirm that the tubal mucasa in the 
ampullary portion of the tube is also normal. 
Once salpingoscopic examination confirms that 
salpingostomy is indicated, two pairs of atrau- 
matic grasping forceps are used to evert the distal 
1+cm of the tube and; (v) placement of three fine 
(4-O or 5-O) delayed absorbable sutures to keep 
the edges everted. Bipolar coagulation of the 
serosa should be avoided. 

Micro-surgical principles including gentle 
handling of tissue, precise haemostasis, avoid- 
ance of excessive diathermy and the use of micro- 
suture should be observed throughout the 
procedure. A successful reconstructive tubal sur- 
gery gives the patient the chances of conceiving 
more than once without further treatment. 


Salpingectomy 
Salpingectomy is a relatively simple procedure 


but it is not without risks. There have been a 
few reports which suggest that salpingectomy 
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Fig. 1.4 Salpingoscopy using a diagnostic hysteroscope 
connected to a separate camera system, introduced via an 
accessory 5 mm port. (a) A hysteroscopy is introduced via 
an accessory port situated opposite to the tube to be exam- 
ined: (b) under laparoscopic guidance, the fimbrial end is 


may compromise vascular supply to the ovary, 
resulting in a reduced response to gonadotro- 
phin stimulation and fewer oocytes being 
retrieved in a subsequent IVF treatment cycle. 
Some other reports were unable to confirm the 
findings. It is possible that the different obser- 
vations are due to different techniques 
employed to performing the operation. The 
blood supply to the ovaries and tubes are in 
close proximity with a varying degree of anas- 


i" forceps 


Hysteroscopy Water flushing 


identified and gently opened to facilitate the introduction 
of the hysteroscope; (c) fluid introduced into the lumen of 
the tube provides distension to enable visual assessment 
of the mucosal condition 


tomosis and so particular care must be exer- 
cised not to disturb the ovarian blood supply 
during salpingectomy [16]. The diathermy and 
incision should be as close to the tube and as 
far away from the ovary as possible (Fig. 1.7). 
The same principle should be followed in car- 
rying out salpingectomy for ectopic pregnancy, 
which is often performed by trainee gynaecol- 
ogist in an emergency setting with little 
supervision. 


Y.Q. Chen et al. 


Fig. 1.5 Intratubal mucosa visualized by laparoscopy 
guided hysteroscopy. (a) Normal tubal mucosa with one 
of the three folds clearly visualized; (b) attenuation of 
mucosa folds (arrow); (c) intra-luminal adhesions and 


Another important technique with respect to 
salpingectomy is to ensure that the entire length 
of the tube is removed, as leaving a segment of 
the isthmic region of the tube behind will allow 
ectopic pregnancy to develop following IVF-ET 
treatment. 


Alternatives to Salpingectomy 


In women with extensive, dense pelvic adhe- 
sions, salpingectomy is associated with increased 
morbidity. In such cases, proximal tubal occlu- 
sion may be considered. Proximal tubal occlu- 
sion, whether achieved during laparoscopy by the 
application of a Filshie clip or diathermy has the 
advantage that it is a simpler procedure, and is 
less likely to affect blood supply to ovary and 


fibrosis with its characteristic whitish discoloration; (d) a 
patch of haemosiderin deposit (arrow) beneath the tubal 
mucosa, associated with pelvic endometriosis 


therefore ovarian response in IVF treatment 
cycles. However, the procedure results in the tube 
being occluded in both ends, leaving pathological 
tissue behind and in the process carries a risk of 
recurrent infection, worsening pelvic pain and 
may require further surgery to remove the dis- 
eased tube at a later date. The literature data con- 
cerning the efficacy of proximal tubal occlusion 
in improving the outcome of IVF treatment in 
women with hydrosalpinges is reassuring but not 
as robust as that of salpingectomy. For these rea- 
sons, salpingectomy is to be preferred to proxi- 
mal tubal occlusion if reconstructive surgery is 
considered inappropriate. 

Proximal tubal occlusion may also be 
achieved by hysteroscopic insertion of an Essure® 
(Conceptus, Inc., Mountain View, Arizona) device 
which offers an safe alternative to laparoscopic 
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Fig. 1.6 Surgical Steps in salpingostomy (see text for 
details). (a) mobilization of the tube; adhesions are often 
found between the tube and ovary (arrow) (b) Locating 
the blocked ostium, aided by distending the tube with 
methylene blue dye; (c) Incision of the blocked ostium; 


(d) close inspection of the fimbrial end to verify if there is 
evidence of mucosal adhesions or fibrosis; (e) salpingos- 
copy to inspect mucosa of the ampullary portion of the 
tube (f) placement of sutures; (g) methylene blue test for 
tubal patency at the conclusion of the procedure 


Fig. 1.7 Two important techniques in performing salpin- 
gectomy: (1) Avoid devascularization of the ovary by 
staying as close to the tube as possible; (2) The tube must 
be completely removed without a stump being left behind 


Key Practice Points 

1. Hydrosalpinx has a significant negative 
effect on the success of fertility treat- 
ment and therefore should always be 
treated in women seeking fertility 
treatment. 

2. Transvaginal ultrasonography is not a 
clinically reliable method to diagnose 
hydrosalpinx. 

3. Salpingostomy is a cost effective and 
feasible option for treatment of a hydro- 
salpinx in selected cases. 

4. The decision to remove or repair the 
tube will depend on a number of factors 
including a thorough evaluation of the 
tubal mucosa 


surgery. A further advantage of the Essure® device 
is that it may be placed in an ambulant setting and 
avoids the risk of laparoscopy especially in women 
with dense pelvic adhesions and multiple laparot- 
omies. So far there has been a limited amount of 
literature data on the use of Essure® devices for the 
treatment of hydrosalpinx prior to IVF treatment 
[17-21]. A recent systematic review suggested 
that Essure® appeared to be an effective alternative 
option for management of hydrosalpinx in women 
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before IVF although evidence from randomised 
controlled clinical trials is lacking [22]. However, 
there are two concerns with the use of Essure®, 
namely flare up of infection and increase risk of 
pregnancy complications such as preterm labour. 
More substantial data on the safety and efficacy of 
this approach is awaited. 

Ultrasound guided aspiration of the hydrosal- 
pingeal fluid has been considered as a simple and 
non-invasive alternative to salpingectomy but 
current literature data suggests that it is not as 
effective, the underlying pathology is not altered 
and fluid often rapidly re-accumulate and the 
procedure is associated with a risk of infection. 
Nevertheless, a recent study reported that sclero- 
therapy could reduce the likelihood of fluid re- 
accumulation and improve the outcomes of 
ultrasound-guided aspiration [23]. Further con- 
trol trials are required to confirm the efficacy. 


Conclusion 

Tubal surgery has a pivotal role in infertile 
women with distal tubal disease. Surgery should 
be offered prior to IVF treatment. The choice of 
surgery, namely salpingostomy or salpingec- 
tomy, depends on careful assessment of the tubal 
mucasa by salpingoscopy. In this respect, tubal 
surgery and IVF treatment have a truly compli- 
mentary role and together they have been shown 
to improve the outcome of infertility treatment. 
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Proximal tubal disease remains an important 
cause of infertility and accounts for 10~25 % of 
tubal infertility. The underlying causes of tubal 
damage include pelvic inflammatory disease 
(PID), pelvic and abdominal surgery or endome- 
triosis. Hysteroscopy and laparoscopy with chro- 
mopertubation (HLC) are considered as the “gold 
standard” for evaluating the integrity of the uter- 
ine cavity and for establishing tubal status. In 
women found to have proximal tubal occlusion, 
the management options include tubal cannula- 
tion, tubal anastomosis or in-vitro-fertilization 
(IVF). In this chapter, the causation, investigation 
and treatment of proximal tubal occlusion will be 
discussed, with particular emphasis on tubal can- 
nulation and the cost-effectiveness of the proce- 
dure compared with IVF treatment. 
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Causes of Proximal Tubal 
Obstruction 


Failure of the dye or contrast to enter the fallo- 

pian tube during hysterosalpingogram, 

Hysterosalpingo-Contrast Sonography (HyCoSy) 

or other investigative procedures indicates proxi- 

mal tubal obstruction. There are several possible 
underlying reasons: 

1. Transient tubal spasm contributes to 20 % of 
cases [1, 2] 

2. Blockage due to a collection of amorphous 
debris resulting in a mucus plug may account 
for 40 % of cases [1, 2]. 

3. PID: The incidence of tubal infertility is 
closely linked to that of sexually transmitted 
diseases, with incidence of 12, 23 and 54 % 
reported after 1, 2 and 3 episodes of PID, 
respectively. Despite successful antibiotic 
treatment of laparoscopically confirmed PID, 
the risk of persistent tubal damage leading to 
infertility is approximately 8-12 %, which 
doubles with each subsequent episode of PID. 
Salpingitis is often polymicrobial in origin. In 
some cases, it may result in salpingitis isth- 
mica nodosa (SIN), a condition that involves 
the proximal portion of the tube, affecting the 
intramural layer as well as the endosalpinx 
resulting in nodular thickening of the isthmic 
portion of the tube. It often causes obliteration 
of the tubal lumen. On the other hand, 
Chlamydial salpingitis has a long incubation 
period and is often asymptomatic. 
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4. Endometriosis: involvement of the proxi- 
mal segment of the tube by endometriosis 
may cause proximal tubal blockage; some- 
times it may produce nodular thickening of 
the proximal segment of the tube, giving rise 
to the appearance of salpingitis isthmica 
nodosa. 

5. Rarely, an endometrial polyp or fibroid situ- 
ated over the tubal ostium may result in proxi- 
mal tubal obstruction 


Investigations for Proximal Tubal 
Disease 


A number of investigations are nowadays avail- 

able for the investigation of the fallopian tube in 

women with infertility. They include: 

1. Hysterosalpingography (HSG), 

2. Hysterosalpingo-Contrast Sonography (HyCoSy), 

3. Ultrasound guided hysteroscopic cannulated 
hydrotubation (UHCH) 

4. Hysteroscopy & Laparoscopy with chromop- 
ertubation (LC). 

5. Transvaginal Hydrolaparoscopy 


Hysterosalpingography 


Hysterosalpingography (HSG) is widely used in 
the initial investigation of the infertile couple. 
The National Institute for Clinical Excellence 
(NICE) recommends that women who are not 
known to have co-morbidities (such as pelvic 
inflammatory disease, previous ectopic preg- 
nancy (EP) or endometriosis) should be offered 
HSG to screen for tubal occlusion, because HSG 
is a reliable test for ruling out tubal occlusion and 
it is less invasive and makes more efficient use of 
resources than laparoscopy [3]. 

HSG delineates the uterine cavity as well as 
the fallopian tubes, It is important that the proce- 
dure is performed between menstrual cycle days 
6 and 10, prior to ovulation, to avoid irradiation 
risk to a very early pregnancy, in addition it will 
help to optimize visualization of the uterine 
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cavity with a thin proliferative phase endome- 
trium. When compared with laparoscopy, HSG 
has been reported to have a sensitivity of 65 % 
and a specificity of 85 % in the diagnosis of tubal 
patency [1]. 


Hysterosalpingo-Contrast 
Sonography (HyCoSy) 


In some centers, HyCoSy has replaced HSG as 
the method of choice in the initial investigation 
of the fallopian tube because it is more patient- 
friendly and has comparable accuracy com- 
pared with HSG. HyCoSy may be conveniently 
performed in an office setting. To improve visu- 
alisation, a special ultrasound software (con- 
trast-tuned imaging [CnTI] Biosound ESAOTE, 
Indianapolis, IN), which picks up only the 
sound waves from the contrast medium and 
ignores surrounding structures, has been devel- 
oped. With the CnTI technology, the course of 
the contrast fluid is followed as a white band in 
a black background flowing from the endome- 
trial cavity into the fallopian tubes and the dark 
peritoneal cavity [4]. 

HyCoSy with CnTI technology is as accurate 
and as reliable as HSG in the evaluation of the 
endometrial cavity and tubal blockage. Previous 
data show excellent concordance of HyCoSy with 
HSG in confirming tubal blockage, but HyCoSy 
is more patient-friendly as it is often less uncom- 
fortable to the patient. Unlike HSG, HyCoSy 
reduces unnecessary radiation exposure. 

The overall reported adverse events attributed 
to the HyCoSy procedure from retrospective 
reviews was 5 %, including symptoms of nausea, 
sweating, hyperventilation, or vasovagal syn- 
cope. Potential causes for misinterpretation of 
HyCoSy findings include: (1) observation of 
echogenic flow in only one segment of the tube 
without confirmation of distal flow over the adja- 
cent ovary (distal occlusion overlooked); (2) the 
presence of a tubal fistula where free tubal pas- 
sage may mimic flow from the fimbria; (3) false 
positive finding due to tubal spasm. 
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Ultrasound Guided Hysteroscopic 
Cannulated Hydrotubation (UHCH) 


This method may be particularly useful when 
hysteroscopy is indicated, either because of the 
presence of menstrual symptoms such as inter- 
menstrual bleed or initial ultrasound examination 
suggests the presence of intra-cavity pathology 
such as polyp or sub-mucus fibroid. It can also be 
carried out in the outpatient setting without expo- 
sure of radiation. Unlike HSG and HyCoSy, It is 
not only investigative but also therapeutic. 
However, as in the case of HyCoSy, UHCH may 
not always provide reliable information on the 
entire length of the tubes. 


Hysteroscopy and Laparoscopy 
with Chromopertubation (HLC) 


Hysteroscopy and laparoscopy with chromoper- 
tubation is often considered as the “gold stan- 
dard” for evaluating the integrity of the uterine 
cavity and for establishing tubal status. Women 
who are thought to have an increased risk of tubal 
disease or pelvic pathology should be offered 
HLC. As the procedure is carried out under gen- 
eral anaesthesia, diagnosis could be followed by 
treatment in the same setting. However, because 
HLC incurs operative risks and extra costs, it 
should be considered only in women with a high 
likelihood of tubo-peritoneal disease. 


Transvaginal Hydro-laparoscopy 


Transvaginal hydrolaparoscopy (THL) is a par- 
ticularly suitable investigative tool in infertile 
women without obvious pelvic pathology. It can 
simultaneously assess the uterine cavity, the tube 
and the ovary. It involves the introduction of a 
needle transvaginally into the pouch of Douglas 
(POD), followed by saline infusion and then 
introduction of a small endoscope to visualize the 
pelvic organs. Hysteroscopy, tubal patency test 
and if necessary, salpingoscopy can be carried 
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out at the same time. THL can be performed on 
an outpatient basis under local anaesthesia, which 
may reduce the procedure’s cost and the inci- 
dence of complications associated with general 
anaesthesia [5, 6]. 


Laparoscopic Assessment Prior 
to Tubal Cannulation 


A thorough assessment of the fallopian tubes is 
essential prior to making a decision on manage- 
ment. In this respect, laparoscopy evaluation is 
strongly advised in women suspected of proxi- 
mal tubal disease for a number of reasons. Firstly, 
it may help to confirm if the suspected blockage 
is genuine or not. In some cases, the apparent 
obstruction is a consequence of tubal spasm, 
which is less likely to occur when the patient is 
anaesthetised. In other cases, the failure of dye to 
enter the tube may be a result of failure to pro- 
duce an effective seal in the cervix. In an anaes- 
thetised patient, it is possible to introduce the dye 
under increased pressure to see if could overcome 
the block. If it is successful, the block is either 
due to spasm or a mucus plug, which has been 
dislodged with the injection of the dye. Indeed, it 
is sometimes possible to observe a small piece of 
mucus plug being flushed out of the fimbrial end 
of the tube by the methylene blue dye during the 
laparoscopy. 

Secondly, in the case of unilateral proximal 
block, laparoscopic assessment may confirm if 
the apparent block is due to preferential flow of 
the dye, To verify if the non-filling of one tube is 
a consequence of preferential flow, it is possible 
to use a pair of atraumatic grasping forceps to 
temporarily block the patent tube to see if dye 
would enter into the tube which was previously 
not filled with dye. If dye can now fill the tube 
and flow freely, patency of the tube has been 
established and so no further treatment will be 
necessary. On the other hand, if the dye still fails 
to fill the tube, then organic obstruction is likely. 
At this point, a careful assessment of the proxi- 
mal and distal end of the tube should be made to 


18 


Fig. 2.1 The Novy tubal 
cannulation catheter used 
in Jessop Hospital, 
Sheffield, England 
(Courtesy of Cook 
Medical, Bloomington, 
IN, USA) 
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determine the underlying cause of the tubal 
disease and the severity of the condition. The 
presence or absence of endometriotic lesions or 
adhesion bands in the pelvis should have been 
noted. In the absence of endometriotic lesions, 
proximal tubal block associated with peri-tubal 
and peri-hepatic adhesions strongly suggests pre- 
vious chlamydial infection as the underlying 
cause of the tubal damage. If there is evidence of 
both proximal and distal tubal disease, for exam- 
ple, nodular thickening of the isthmic region of 
the tube along with fimbrial occlusion, tubal sur- 
gery is contraindicated. However, if there is no 
evidence of distal tubal disease, hysteroscopic 
tubal cannulation should be attempted under lap- 
aroscopic guidance. If it is not successful, tubal 
anastomosis may be carried out either laparo- 
scopically or via laparotomy. 


Tubal Cannulation 


Tubal cannulation involves insertion of a guide 
wire within a fine catheter, guided either by fluo- 
roscopy (selective salpingography) [7—18], lapa- 
roscopy [19-23], hysteroscopy [24] or 
ultrasonography [25]. Alternatively, tubal cannu- 
lation can also be carried out with the use of fal- 
loposcopy, which permits direct visualization of 
the lumen [26]. It is debatable which method of 
guidance produces the best result and is the most 
cost-effective. 
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The National Institute of Clinical Excellence 
(NICE) recommended that for women with 
proximal tubal obstruction, selective salpingog- 
raphy plus tubal catheterisation, or hysteroscopic 
tubal cannulation should be considered, as these 
treatment options improve the chance of preg- 
nancy [3]. 


Laparoscopic Guided Hysteroscopic 
Tubal Cannulation (LHTC) 


Techniques of LHTC 

If possible, LHTC should be performed during 
the follicular phase of the menstrual cycle. 
Hysteroscopic assessment of the uterine cavity 
prior to tubal cannulation may occasionally 
reveal the presence of a small polyp or fibroid or 
adhesion around the tubal ostium as the underly- 
ing cause of the block. In the absence of any 
obvious intra-cavity pathology, hysteroscopic 
cannulation can proceed with the use of a cathe- 
ter and guide wire. There are many different 
choices of tubal cannulation catheter. A specially 
designed tubal cannulation catheter manufac- 
tured by Cook has been in use in Sheffield for 
over 15 years (Fig. 2.1). On the other hand, the 
catheter used in Tianjin is manufactured by 
Terumo Corporation, Tokyo (Fig. 2.2). The two 
types of catheters share some common features; 
they both have an outer, soft catheter with a flex- 
ible guide-wire which can be removed to permit 
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Fig. 2.2 (a) The tubal cannulation catheter and (b) 
guide-wire used in The Affiliated Hospital of the Chinese 
People’s Armed Police Force Logistics College, Tianjin, 
China 


the introduction of methylene blue dye once the 
tube has been successfully cannulated. Whichever 
the choice of the cannulation catheter, once it has 
been introduced into the tubal ostium under direct 
vision and enters the interstitial region of the fal- 
lopian tube, the fundus of the uterus should be 
moved gently towards the contralateral side to 
straighten the isthmic region of the fallopian tube 
to facilitate the entry of the catheter. This is an 
important step to avoid kinking of the isthmic 
region of the tube that would pose difficulty in 
the cannulation process and leads to an increased 
risk of perforation of the tube. 

The passage of the guide wire through the fal- 
lopian tube should be monitored and controlled 
by laparoscopy. From time to time, the segment 
of the tube ahead of guide wire needs to be 
straightened by an atraumatic instrument such as 
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a palpeter or the tip of a pair of atraumatic 
grasping forceps to facilitate the cannulation pro- 
cess. Once the guide wire has come out of the 
fimbrial end of the tube, it may be withdrawn and 
methylene blue dye then introduced into the cath- 
eter to verify if the tube has become patent 
(recanalization). At the conclusion of the surgery, 
Hartman physiological solution should be used to 
irrigate the pelvic cavity to remove the methylene 
blue dye (Fig. 2.3). In some centers, catheters and 
guide wires with a “J” tip used in cardiac inter- 
ventional procedures have been used instead but 
they are generally more expensive. 


Success Rate 

Overall, LHTC has a successful tubal cannula- 
tion rate of 54.2 % per tube and 61.9 % per patient 
[27]. The crude pregnancy rate (PR) is around 
43 % and live birth rate (LBR) is around 35 %. 
The cumulative conception rate is around 38 % at 
1 year and 44 % at 2 years after LHTC. An 
important determinant of the pregnancy rate fol- 
lowing tubal cannulation is whether only one or 
both tubes are blocked and in the case of bilateral 
blockage, whether only one or both tubes were 
successfully cannulated. It is often argued that 
women with unilateral tubal disease do not 
require treatment, as they will, given time, be 
able to conceive via the contralateral normal 
tube. Recent data showed convincingly that the 
PR following successful cannulation of a unilat- 
eral block tube is about twice higher than those 
whose cannulation failed, and similar to women 
with bilateral tubal obstruction who had only one 
tube successfully cannulated. 


Other Methods of Tubal Cannulation 


There are a number of other methods used to can- 
nulate the fallopian tube, namely, selective sal- 
pingography (cannulation under fluoroscopy 
control), cannulation under ultrasound control, 
hysteroscopic cannulation alone without laparo- 
scopic control and falloposcopy. The literature 
data on the various methods of tubal cannulation 
is summarised in Table 2.1. It showed that the 
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Fig. 2.3 Laparoscopy guided hysteroscopic tubal cathe- 
terization. (a) A catheter is being inserted into the intersti- 
tial segment of the tube; (b) Backflow of methylene dye 
was observed prior to successful cannulation; (c) A guide 
wire was inserted into the interstitial segment of the tube 


two most popular methods used are tubal cannu- 
lation guided by fluoroscopy or laparoscopy. 
Fluoroscopy has a number of advantages; it is 
less costly and can be performed as an outpatient 
procedure. In experienced hands, it is possible to 
measure tubal pressure during selective salpin- 
gography, which appears to provide additional 
prognostic information [12]. On the other hand, 
fluoroscopy is associated with a risk of irradia- 
tion exposure. 

LHTC, on the other hand, is more costly, more 
invasive and involves a general anaesthetic. 
However, it has a number of advantages. Firstly, 
laparoscopy is considered the gold standard for 
assessment of tubal patency [28], it permits a 
thorough examination of the pelvis as well as the 
fallopian tubes, which provides information on 
the underlying pathology such as peritubal adhe- 
sions or endometriosis. More importantly, it pro- 
vides additional information on the distal end of 


under hysteroscopic guidance; (d) Laparoscopic inspec- 
tion confirmed that the cannulation was successful with 
the guide wire coming out of the fimbrial end of the tube 
(From Hou et al. [27], with permission) 


the fallopian tube, which cannot be ascertained 
with fluoroscopy. Hysteroscopy examination 
prior to cannulation also provides useful infor- 
mation about the uterine cavity, including the 
possibility of a small fibroid or polyps or adhe- 
sions obstructing the tubal ostia, all of which can 
be confirmed during hysteroscopy. 

As for ultrasound guided hysteroscopic can- 
nulation, despite its attractiveness for being an 
outpatient procedure, relatively simple and inex- 
pensive, the diagnostic accuracy is considered 
inferior to fluoroscopic or laparoscopic guided 
procedures. Very few investigators employ this 
particular approach [25]. Finally, falloposcopic 
cannulation of fallopian tube is rather expensive 
and requires high level of technical expertise and 
is rarely used nowadays [29]. 

When all methods of cannulation are consid- 
ered together, the successful cannulation rate is 
around 70 % (Table 2.2), with a pregnancy rate of 
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Table 2.1 A comparison of the outcomes of tubal cannulation carried out by different methods 


Successful 
cannulation per Pregnancy Live birth 
Method Author Year No. patient rate rate 
Selective Sowa et al. [7] 1993 58 70.7 % 22.2 % / 
salpingography Thompson et al. [8] 1994 28 31.0 % 30.7 % / 
Woolcott et al. [9] 1995 66 80.5 % 36.4 % / 
Baet al. [10] 1999 122 88.7 % 40.2 % 32.0 % 
Atallah et al. [11] 1999 53 97.5 % 45.0 % / 
Papaioannou et al. [12] 2002 218 50.1 % 27.1 % / 
Hayashi et al. [13] 2003 11 100.0 % 55.0 %* 36.0 % 
Rawal et al. [14] 2005 14 78.0 % 28.6 % / 
Al-Jaroudi et al. [15] 2005 72 34.7 % 31.9 % / 
Verma et al. [16] 2009 16 87.5 % 35.0 % / 
Anil et al. [17] 2011 100 86.8 % 36.8 % / 
Cobellis et al. [18] 2012 33 75.6 % 48.5 % / 
Mean 68.8 % 34.0 % 32.3 % 
Laparoscopic guided Sakumoto et al. [19] 1993 88 / 43.0 % / 
hysteroscopic Allahbadia et al. [20] 2000 17 88.2 % 23.5 % 23.5 % 
cannulation Das et al. [21] 2007 53 67.9 % 33.3 % / 
Mekaru et al. [22] 2011 61 37.1 % 27.7 % 14.8 % 
Chung et al. [23] 2012 70 71.4 % 35.8 % / 
Hou et al. [27] 2013 168 61.9 % 43.0 % 34.8 % 
Mean 62.8 % 38.0 % 23.4 % 
Hysteroscopic Spiewankiewicz etal. 1995 15 73.3 % 13.3 % / 
cannulation [24] 
Ultrasound guided Rahimunnisa et al. 2009 25 84.0 % 16.0 % / 
selective [25] 
salpingography 
Falloposcopy Tanaka et al. [29] 2011 345 81.6 % 29.9 % / 
Total Mean 69.8 % 33.9 % 27.4 % 
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Only women with unilateral tubal block 


Table 2.2 Complication of tubal cannulation in proximal tubal blockage 


Method 
Selective salpingography [12] 


Complication rate 
2.3 % (5/218) 
0.9 % (2/218) 
4.1 % (9/218) 


Complication 

Perforation 

Vasovagal reaction 
Intravasation of contrast agent 


Selective salpingography [17] Perforation 3.5 % (4/114) 
Laparoscopy guided hysteroscopic Perforation 2.9 % (2/70) 
cannulation [23] 

Ultrasound guided selective Perforation 0 % (0/50) 
salpingography [25] Vasovagal attack 0 % (0/50) 


Breakage of LE catheter 
Breakage of falloposcope 


9.8 % (15/153) 
2.0 % (3/153) 


Falloposcopy [30] 


from 13.3 to 55.0 %. It is of interest that in women 
with proximal tubal block, successful cannulation 
rate after LHTC is around 63 %, which appears to 


34 % and live birth rate of 27 %. Nevertheless, the 
results published by various authors varied widely, 
with spontaneous crude pregnancy rate ranging 
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be lower than what may be achieved with other 
methods: fluoroscopic guidance (69 %), ultra- 
sound guidance (84 %) and falloposcopic approach 
(82 %). However, LHTC achieved the highest PR 
(38.0 %) compared with other methods: fluoro- 
scopic guidance (34.0 %), ultrasound guidance 
(16.0 %) and falloposcopic approach (29.9 %). 

There are several possible explanations for the 
discrepancy in successful cannulation rate and 
PR. Firstly, with fluoroscopic guidance, ultra- 
sound selective salpingography and falloposcopy 
approaches, important data about the distal fal- 
lopian tube is often missed. Earlier data sug- 
gested that the about 2/3 of subjects with 
hysterosalpingraphic evidence of proximal dis- 
ease turned out to have combined proximal and 
distal tubal disease, that is, bipolar tubal disease. 
The prognosis in this group of subjects is very 
poor indeed. Inclusion of this group of subjects 
will necessarily reduce the pregnancy and live 
birth rates. On the contrary, just over 10 % of 
subjects do not have any form of tubal disease 
following a thorough endoscopic examination. 
Tubal cannulation in this group of subjects is not 
necessary; inclusion of these subjects would only 
serve to increase the successful cannulation rate 
without necessarily improving the PR as the 
underlying cause of the infertility is not related to 
tubal disease. A combination of these factors 
would explain why fluoroscopy, ultrasound and 
falloposcopy approaches have apparently higher 
successful cannulation rate but lower PR. It also 
serves to strengthen the argument that tubal can- 
nulation ought to carried out following a careful 
assessment of the pelvis via laparoscopy. 

In addition, laparoscopic assessment during 
LHTC also enables the diagnosis of pelvic endo- 
metriosis and adhesions, which, if treated at the 
same time, would also improve the pregnancy rate. 


Complications 


The complication of tubal cannulation for proxi- 
mal tubal blockage is summarized in Table 2.2. 
Tubal perforation occurred in 2-4 % of cases. 
The incidence of perforation in selective 
salpingography (SS) (2.3-3.5 %) is about the 
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same as that of LHTC (2.9 %). In one series, 
vasovagal reactions occurred in 0.9 % patients 
and intravasation of contrast agent was observed 
in 4.1 % patients. During falloposcopic cannula- 
tion, a common complication was the breakage 
of catheter (9.8 %) and the falloposcope (2.0 %). 


Tubal Anastomosis 


If proximal tubal block cannot be overcome by 
cannulation, tubal anastomosis may be consid- 
ered, either to follow immediately after the can- 
nulation procedure under the same anaesthetic, or 
to be performed at a later date. Tubal anastomosis 
should be performed with the application of 
microsurgical principles. The techniques and 
outcomes of proximal tubal anastomosis have 
been described elsewhere [31]. When tubal anas- 
tomosis is carried out laparoscopically, we rec- 
ommend the following steps. Firstly, the damaged 
blocked tubal tissue is removed. Secondly, hys- 
teroscopic cannulation of the tubal ostia using a 5 
Fr catheter is performed. Thirdly, under laparo- 
scopic guidance and assistance, the guide wire 
which has been introduced into the proximal part 
of the tube is then inserted into the distal portion 
of the tube. Afterwards, the hysteroscope is with- 
drawn and the guide wire is left in the lumen of 
the tube as a stent. Then, a 5-0 delayed absorb- 
able suture is used to bring the mesosalpinx of 
the two parts of the tube together, followed by 3 
full-thickness sutures of the tubal wall at 4, 8 and 
12 o’clock position. Finally, the guide wire is 
withdrawn and chromopertubation is performed 
with slow infusion of diluted methylene blue dye 
to confirm tubal patency (Fig. 2.4). 

Gentle tissue handling, meticulous haemosta- 
sis, precise anatomical reconstruction and con- 
stant irrigation to avoid desiccation are crucial to 
the success of tubal anastomosis. 


Results of Tubal Anastomosis 
In a study by Dubisson et al., the cumulative 


intrauterine pregnancy (IUP) rate at 24 months 
after tubal anastomosis was as high as 68 % [19, 
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Fig. 2.4 Tubal anastomosis with a guide wire under lapa- 
roscopy and hysteroscopy. (a) A catheter is introduced 
under hysteroscopy and a guide wire is inserted into the 
proximal and distal part of the tube under laparoscopy, to 


32-34]. The cumulative IUP rate was signifi- 
cantly higher if the woman was aged <36 years 
and if tubocornual anastomosis was carried out 
bilaterally. In another study, Ransom and Garcia 
[33] reported an ongoing intrauterine PR of 38 % 
following microsurgical cornual-isthmic anasto- 
mosis. The encouraging results suggest that 
microsurgical tubocornual anastomosis still plays 
an important role in the management of proximal 
tubal occlusions. 


Cost-effectiveness 


The relative cost of IVF and tubal surgery varies 
from country to country. In China, the cost of 
laparoscopy guided hysteroscopic cannulation 
procedure is approximately RMB 15,000 
(~£1,500), which is less than the cost of one cycle 
of IVF treatment at around RMB 35,000 (~£3,500) 
[27]. The cost of laparoscopic guided hysteros- 
copy cannulation procedure in England is around 
£3,000, which is still lower than that of the cost a 
cycle of IVF treatment at around £3,500, but the 
difference is quite a bit smaller. However, not all 
cases intended for laparoscopy guided hystero- 


be used as a stent; (b) One suture is placed over the meso- 
salpinx, followed by 3—4 full-thickness sutures of the 
tubal wall (Adapted from Hou et al. [27], with 
permission) 


scopic cannulation are suitable for the procedure, 
as there may be concurrent distal tubal disease, 
which is a contraindication for the surgery. When 
the added cost of diagnostic laparoscopy in those 
not suitable to proceed with hysteroscopic cannu- 
lation is added to the calculation, it can be shown 
that the cost effectiveness of laparoscopy guided 
hysteroscopic cannulation in England is more or 
less equivalent to that of IVF, but in China it is a 
more cost effective option than that of IVF treat- 
ment. However successful cannulation would still 
have the benefit of long term savings as if success- 
ful, the proximal tube may remain patent to 
achieve more than one pregnancy, where as the 
costs quoted for IVF are for only one cycle, and 
further pregnancies would incur an additional cost. 


Conclusion 

Surgical treatment of proximal tubal blockage 
may avoid the need for IVF in many patients. 
Laparoscopic assessment is essential in the 
first instance to exclude tubal spasm and pref- 
erential flow and to evaluate the suitability of 
the tube for surgical repair. Hysteroscopic 
tubal cannulation can be performed easily at 
the same time for suitable patients. For those 
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in whom tubal cannulation is unsuccessful, 
the choice to then perform tubal microsurgical 
anastomosis or IVF will depend on multiple 
factors and after careful counselling of the 
patient. 


Key Practice Points 

1. Laparoscopy is essential in the evalua- 
tion of proximal tubal blockage to rule 
out tubal spasm and preferential flow. 

2. The success of surgical treatment 
depends on careful selection of cases. 

3. Tubal cannulation should be attempted 
prior to tubal microsurgical anastomosis. 

4. The overall pregnancy rate of Hystero- 
scopic Tubal Cannulation is around 38 %. 
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Part Il 


Endometriosis 


Erin M. Nesbitt-Hawes and William Ledger 


The correlation between endometriosis and infer- 
tility is well documented, with monthly fecundity 
reported as 0.02-0.10 compared with normal 
couples in the range of 0.07-0.20 per month 
[1, 2]. Despite this reduction in fecundity, a 
causal relationship has not been proven with the- 
ories including distorted anatomy, failure of 
implantation, hormonal imbalances and perito- 
neal dysfunction [3—6]. Laparoscopic excision of 
endometriosis has been shown to significantly 
reduce pain and improve quality of life [7-9], 
however the effect on fertility is still debated. 
This chapter will summarise the current evidence 
around endometriosis and its effect on fertility as 
well as treatment options. 


Pathophysiology 


The causal link between endometriosis and infer- 
tility is not yet clearly established, however there 
are many theories to describe the relationship 
(Fig. 3.1). 
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Anatomical Distortion 


Classically, anatomical distortion and structural 
changes are thought to be a factor causing sub- 
fertility in women with revised American Society 
of Reproductive Medicine (r-ASRM) stage II 
and IV endometriosis with adhesions involving 
the fallopian tubes, the ovaries or both, which 
may be dense or filmy. Infertile women with 
stage I and II disease have been shown to have an 
increased likelihood of fimbrial pathology com- 
pared to normally fertile women with the same 
stage disease, which may contribute to difficul- 
ties in conceiving in this group with less severe 
disease [10]. Descriptions of the types of struc- 
tural changes involving the fallopian tubes 
include fimbrial clubbing, blunting, agglutina- 
tion or phimosis, tortuosity of the tubes, com- 
plete encasement by dense adhesions, and 
endometriotic nodules of the mesosalpinx which 
disrupt the normal tubular anatomy. Hydro- or 
haematosalpinges may develop due to tubal 
blockage which may contribute to infertility in a 
similar manner to those following pelvic inflam- 
matory disease, with distortion of cilia and retro- 
grade flow of inflammatory fluid into the uterine 
cavity. 

In addition to external anatomical factors con- 
tributing to infertility, in vitro studies of fallopian 
tubes exposed to peritoneal fluid from women 
with endometriosis have demonstrated reduced 
ciliary beat frequency probably resulting in 
impairment of tubal transport [11]. 
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Factors associated with reduced fertility 
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Fig. 3.1 Factors associated with decreased fertility 


Peritoneal Inflammation 


Fertilisation of the oocyte occurs within the ampulla 
or distal end of the fallopian tube. This area is in 
close contact with the peritoneal microenvironment, 
and therefore changes within the peritoneal fluid 
can have follow on effects for conception. 

There is evidence that the peritoneal microenvi- 
ronment is altered in women with endometriosis. 
In particular a localised inflammatory state is pres- 
ent with increased macrophage activity implicated 
in the secretion of cytokines such as tumour necro- 
sis factor æ (TNF-a), interleukin-1f, interleukin-8 
and interleukin-6 (IL-6) [12, 13]. Secretion of oes- 
tradiol and progesterone by endometriotic implants 
has been shown to activate vascular endothelial 
growth factor (VEGF) promoting neovascularisa- 
tion and perpetuation of the disease [14]. 
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Most evidence (but not all [15]) points to 
increased macrophage activity within the perito- 
neal fluid of women with endometriosis which 
may be responsible for increased sperm immo- 
bilisation and phagocytosis [13]. Oxidative stress 
and apoptosis are thought to be the mechanisms 
by which TNF-a contributes to the damage of 
sperm DNA. In addition, sperm binding is 
reduced in general by many of the abovemen- 
tioned cytokines, but also within the isthmus of 
the fallopian tubes resulting in fewer sperm pool- 
ing in this area, further impairing fertility [16]. 


Ovarian Microenvironment 


As well as the changes seen in the peritoneal 
microenvironment, the follicular environment 
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also appears to be abnormal in women with endo- 
metriosis. Inflammatory markers such as TNF-a 
and IL-6 are present in higher quantities within 
the granulosa cells and there is a higher rate of 
apoptosis. 

Endometriomas also have a direct effect on 
ovarian tissue and function, with reduced capac- 
ity for oocyte production and a reduction in ovu- 
lation in affected ovaries. The natural decline in 
available follicles which is seen with increasing 
age appears to take place earlier for women with 
endometriosis. Anti-mullerian hormone (AMH) 
is a marker of ovarian reserve which remains 
stable throughout the menstrual cycle. Women 
with endometriosis have been shown to have 
lower AMH concentration than age-matched 
controls, and AMH seems to be further depleted 
by the presence of ovarian endometriomas and 
ovarian cystectomy [17]. Although follicle num- 
bers are reduced, the fall in follicle numbers seen 
in women with endometriosis do not have the 
corresponding reduction in oocyte quality that is 
seen in women with advancing age as the cause 
of the follicle depletion. As a result, assisted 
reproductive technology (ART) data for women 
with endometriosis show a poor response to con- 
trolled ovarian stimulation but there is debate as 
to whether pregnancy rates are similarly reduced. 


Endometrial Receptivity 


Emerging data show that women with endome- 
triosis may have a reduction in eutopic endome- 
trial receptivity, which may impair implantation. 
Systemically, estrogen and progesterone hor- 
mones are largely normal in women with endo- 
metriosis. Local hormonal factors within the 
endometrial microenvironment of women with 
endometriosis include increased production of 
oestradiol related to inflammation and reduced 
sensitivity to progesterone both of which may 
contribute to a reduction in endometrial receptiv- 
ity within the uterus. 

Integrins, specifically ayB3, on the surface of 
the cells of the endometrium mediate intracellu- 
lar signals to promote receptivity. These integrins 
are in turn stimulated by Homeobox A 10 
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(HOXA10), a gene expressed in normal endome- 
trium. Women with endometriosis have reduced 
expression and methylation of this gene and may 
contribute to deficiencies in ayP3 and a resultant 
reduction in endometrial receptivity. 


Treatment 
Conservative 


Conservative treatment may be offered for 
women with endometriosis associated infertility, 
however the chances of spontaneous conception 
reduce with increasing stage of endometriosis. 
Prospective observational data in infertile women 
with laparoscopically staged III and IV endome- 
triosis without treatment have shown a spontane- 
ous pregnancy rate of 30 and 0 %, respectively. 


Medical 


Most medical treatments for endometriosis and 
pain are hormonal and result in ovarian suppres- 
sion, and are therefore not suitable for women 
desiring a pregnancy. Studies of post-treatment 
fertility in women with endometriosis treated with 
hormonal suppression (danazol, gonadotrophin 
releasing hormone (GnRH) analogues and the oral 
contraceptive pill (OCP) have shown no benefit 
when compared with non-treated controls [18]. 

There are few non-hormonal medical alterna- 
tives. Pentoxifylline is an immune modulator 
which has been subject to three RCTs compared 
with placebo. It was postulated to have anti- 
inflammatory effects and improve the peritoneal 
microenvironment for conception to occur, how- 
ever there was no improvement found in preg- 
nancy rates [19]. 


Assisted Reproductive Technology 


The influence of endometriosis on success rates 
of ART remains controversial. A meta-analysis of 
22 studies of women with endometriosis showed 
reduced rates of success with ART compared 
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with controls with tubal infertility [20]. The more 
severe stages of endometriosis were correlated 
with poorer outcomes, including reduced preg- 
nancy rates, but also reduced numbers of oocytes 
collected and reduced numbers of fertilised 
oocytes. More recently, there have been registry 
and retrospective cohort data showing no differ- 
ence in success rates for either pregnancy or live 
births [21]. Controlled ovarian hyperstimulation 
and intrauterine insemination has been shown in 
randomised controlled trials to be more effective 
than spontaneous conception for women with 
endometriosis. 


Surgical 


The r-ASRM stage staging system for endome- 
triosis does not correlate well with either pain or 
fertility outcomes [22, 23]. 


Stage I-Il 

Two randomised controlled trials (RCTs) exam- 
ining surgical treatment of stage I-II endometrio- 
sis and reproductive outcomes have contradictory 
findings [24, 25], with a meta-analysis favouring 
surgery [26], although controversy continues. 


Stage Ill-IV 

There are no randomised trials of the effect of 
surgery for moderate and severe stage (r-ASRM 
MI-IV) endometriosis on reproductive outcomes. 
Observational studies examining reproductive 
outcomes following colorectal resection for 
severe endometriosis have been reported and pro- 
vide the best evidence for women with severe 
disease regarding reproduction [27-31]. These 
studies are open to bias and the numbers of 
patients are limited however there is a low likeli- 
hood of a RCT for advanced stage disease given 
ethical and cost constraints. Post surgical preg- 
nancy rates vary from 30 to 70 %. 

Moderate -severe endometriosis (r-ASRM stage 
I-IV) may involve deep infiltrating endometriosis 
(DIE) and rectovaginal involvement, Pouch of 
Douglas obliteration and ovarian endometriomata 
or combinations of the these [23]. Available litera- 
ture often focuses on surgical excision of endome- 
triosis in specific locations (e.g. bowel resection or 
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removal of ovarian endometriomas), rather than the 
stage of endometriosis [3, 27, 29]. 

Concern regarding morbidity associated with 
resection of DIE of the rectovaginal septum has 
led some authors to advocate for conservative 
resection [3]. Reports of conservative resection 
of rectovaginal endometriosis have shown vari- 
able fertility improvement with cumulative preg- 
nancy rates ranging from 30 to 53 % [3, 32-34]. 
Prospective studies of colorectal resection have 
demonstrated similar pregnancy rates of 35-48 % 
(27, 29, 30]. Post-operative fertility rates for 
women with stage II-IV endometriosis and 
bowel involvement have been reported as half 
that of women with the same stage of endome- 
triosis but no bowel involvement (pregnancy rate 
35 vs. 70 %) [30]. Despite this, the authors report 
an overall improvement in fertility gained follow- 
ing bowel resection compared with residual 
bowel endometriosis (pregnancy rate 35 % vs. 
21 % p=0.03) [30]. Resecting rectovaginal dis- 
ease may improve pain symptoms however cur- 
rent evidence does not support routine bowel 
resection for fertility reasons due to the high mor- 
bidity associated with such major surgery. 

Endometrioma resection has been shown to 
have beneficial effects on pain symptoms, how- 
ever like bowel resection, there is conflicting evi- 
dence surrounding their removal for fertility 
reasons. Ovarian responsiveness was hypothe- 
sised to be reduced in the presence of endome- 
triomata, however this does not seem to be the 
case. A prospective controlled study of controlled 
ovarian hyperstimulation compared women with- 
out endometriosis and women with a unilateral 
endometrioma. The same number of oocytes 
were retrieved from both groups. In addition, 
there were equivalent numbers of oocytes 
retrieved from their affected and non-affected 
ovaries. 

Indeed, complete resection of endometriosis 
has been shown to be associated with higher 
pregnancy rates post-operatively than incomplete 
resection, regardless of r-ARSM stage [35]. In 
addition, completeness of resection appears to be 
a factor for determining the success of ART [36]. 

Age has been shown to be a significant factor 
in fertility rates following resection of moderate 
to severe endometriosis [37]. 
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The reported spontaneous conception rate 
from studies of stage III and IV resection range 
from 45 to 58 % [27, 29]. 


Adenomyosis and Infertility 


It is unclear why some women have a successful 
pregnancy with moderate to severe endometriosis 
and others do not. Potentially, the presence of 
adenomyosis may have a role, with evidence 
showing reduced fertility in baboons with adeno- 
myosis [38]. Human studies point to a similar 
association between adenomyosis and subfertility 
[39] with an effect on uterine peristalsis and 
sperm transport [40] as well as a higher rate of 
implantation failure with ART [41]. Adenomyosis 
and endometriosis have a clinical correlation with 
the more advanced stages of endometriosis [42]. 
These women may have higher success rates with 
ART [29, 43]; however, the data are limited due to 
the difficulty of diagnosing adenomyosis. 


Conclusion 

It seems likely that endometriosis has a negative 
effect on fertility. This may result from reduced 
frequency of intercourse due to dyspareunia, 
from anatomical distortion in more severe cases 
of endometriosis or from more subtle alterations 
in the intra-ovarian and tubo-peritoneal environ- 
ments. Medical treatment of endometriosis can 
waste time, resulting in loss of fertility due to 
ageing, and does not seem to improve fertility 
post-treatment. Surgical intervention holds 
more promise, but may have negative as well as 
positive impact on fertility. ART remains the 
mainstay of management of endometriosis 
associated infertility but treatment programmes 
should be individualised and outcomes may be 
less favourable than seen for age-matched cou- 
ples with other reasons for need for ART. 


Key Practice Points 

1. Endometriosis can have a negative 
effect on fertility 

2. Medical treatment of endometriosis can 
waste time, resulting in loss of fertility 
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due to ageing, and does not seem to 
improve fertility post-treatment. 


3. Surgical intervention holds more prom- 


ise, but may have negative as well as 
positive impact on fertility. 


4. ART remains the mainstay of manage- 


ment of endometriosis associated infer- 
tility but treatment programs should be 
individualised and outcomes may be 
less favourable than seen for age- 
matched couples with other reasons for 
need for ART. 
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Tülay Karasu and Bolarinde Ola 


Endometriosis occurs when endometrial tissue 
is detected outside of the uterus. The preva- 
lence of endometriosis depends on the diagnos- 
tic method, but ranges between 25 and 40 % of 
women [1]. The relationship of endometriosis 
to infertility is not always clear-cut. A review 
of 32 studies by Eskenazi showed that up to 
78 % of infertile women had endometriosis [2]. 
Similarly, D’Hooghe et al. pooled 13 studies, 
demonstrating that up to 50 % of previously 
fertile women had proven endometriosis [3]. An 
endometrioma is formed following the invagi- 
nation of endometriotic deposits on the ovarian 
cortex, eventually forming what is commonly 
described as ‘chocolate’ cysts [4]. Ovarian 
endometriomas are found in 17—44 % of women 
with endometriosis [5, 6]. Although the ovaries 
are the commonest site of endometriomas, there 
are numerous reports of extra-gonadal choco- 
late cysts in distant locations like the umbilicus 
[7, 8], brain [9], liver and other sites [10, 11]. 
These extra-gonadal lesions do not, however, 
have direct effects on infertility. 
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Endometrioma and Infertility 


Pelvic pain and dyspareunia from endometriosis 
can drastically reduce the frequency of coitus, 
particularly in the peri-ovulatory period. Non- 
steroidal anti-inflammatory drugs frequently pre- 
scribed for pain may also cause luteinised 
unruptured follicle (LUF) syndrome, if used 
close to the mid-cycle. Infertility can also result 
from abnormal levels of peritoneal cytokines and 
other inflammatory agents or from damage to the 
ovaries, fallopian tubes and/ or pelvic adhesions. 
Women with endometriomas >4 cm often have 
reduced antral follicle counts (AFC) on baseline 
ultrasound scanning. Furthermore, there is asso- 
ciated reduced response to controlled ovarian 
stimulation during IVF. Transvaginal egg collec- 
tion can be difficult due to a large cyst, or 
restricted access around tubo-ovarian and bowel 
adhesions. Complicating pelvic abscess follow- 
ing the transvaginal oocyte recovery has been 
reported [12—14]. Pregnancy rates are reduced in 
women with endometriosis/ endometrioma, par- 
ticularly when one or both tubes are compro- 
mised by adhesions [15]. 


Management 


Different management options are available to 
women planning fertility treatment, depending 
on presentation. When women present with infer- 
tility associated with pain and ultrasound features 
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of a complex cyst suggestive of endometriosis, 
laparoscopy and dye test is usually preferred to 
hysterosalpingogram (HSG). Hormonal treat- 
ments (with progestogens, anti-progesterones, 
combined oral contraceptive pills, aromatase 
inhibitors or GnRH analogues) should only be 
offered to infertile women primarily for symptom 
relief, as evidence is lacking in support of pro- 
longed hormonal suppression to enhance fertility 
[16, 17]. GnRH analogues given for 3—6 months 
prior to IVF treatment can however reduce the 
size of endometriomas by up to 51 % [18]; and 
enhance the clinical pregnancy rate [19]. 

The roles of aromatase inhibitors preparatory 
to IVF for women with endometriomas are con- 
troversial. Nothnick et al. reviewed the literature 
demonstrating intracrine expression of estrogens 
and P450 aromatase mRNA in biopsied endome- 
triosis tissues [20]; leading to discussions of 
potential roles of aromatase inhibitors. However, 
in a small pilot study by Lossl et al., 20 women 
with endometrioma received GnRH analogue for 
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3 months in combination with Letrozole for 69 
days before controlled ovarian stimulation [21]. 
Although ovarian volume and Ca 125 were 
reduced by 29 and 61 % respectively; and 9/20 
became pregnant; the pregnancy loss rate was 
unacceptably high, resulting in only 3/20 live 
births [21]. Neither the National Institute for 
Health and Clinical Excellence (NICE 2013) [22] 
nor the European Society for Human 
Reproduction and Embryology (ESHRE) [16] 
recommends aromatase inhibitors alone or in 
combination with GnRH analogues for pre- IVF 
treatments in women with endometriomas. 

The effect of endometriomas and their surgi- 
cal management on reproductive performance 
and ovarian reserve is discussed in more detail in 
the next chapter. However, surgical management 
of endometriomas before IVF depends on many 
factors (Fig. 4.1). In asymptomatic women with a 
small endometrioma that does not interfere with 
oocyte retrieval, conservative treatment should 
be offered as surgical intervention may compro- 


Fig. 4.1 Algorithm for managing endometrioma before IVF (Based on ESHRE guideline) 
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mise ovarian reserve. Larger endometriomas 
(3-4 cm) may benefit from pre-treatment with 
GnRHa for up to 3 months, in order to shrink the 
mass prior to IVF [19]. 

Depending on available skills, surgical treat- 
ment of endometriomas can be by laparotomy or 
laparoscopy to strip the cyst wall or drain and 
ablate the cyst wall [23]. The laparoscopic 
approach is known to result in a quicker recovery, 
shorter hospital stay and less postoperative pain 
when compared to laparotomy [24]. Ovarian cys- 
tectomy requires mobilisation of the ovary fol- 
lowed by a small incision away from the ovarian 
hilus with any suitable electro-diathermy instru- 
ment, the harmonic scalpel or laser. The incision 
is then extended with scissors and the correct 
plane between the cyst wall and ovarian tissue 
identified. If difficult to identify a dissection 
plane from the cut edges, this may be facilitated 
by a small bevelled cut with curved scissors into 
the cyst wall, away from the edge. The cyst is 
then carefully stripped and removed from the 
ovarian tissue by opposing (180°) traction. The 
bed of the cyst needs to be inspected for any 
bleeding and light bipolar diathermy is applied as 
required. Ablative surgery is performed with a 
small incision to aspirate the chocolate coloured 
material. The cyst is then opened and washed out 
and its wall destroyed with bipolar diathermy or 
laser vaporization. When confronted with a large 
endometrioma, a useful technique is to turn the 
cyst wall inside-out to facilitate ablation, follow- 
ing which the ovary is reverted by invagination. 
Others have advocated a stepwise technique for a 
very large cyst, which is opened and washed out, 
followed by 3 months of GnRH analogues before 
a second ablative operation is undertaken [25]. 
Although this method preserved ovarian reserve 
better than cystectomy, this study did not com- 
pare three-step with single-step methods and did 
not include pregnancy outcomes or economic 
analyses [25]. It is therefore doubtful whether 
this technique will be beneficial to infertile 
women. 

A recent Cochrane review looked into the most 
effective ways of treating ovarian endometriomas, 
comparing cyst excision with drainage and elec- 
tro-coagulation. Cystectomy resulted in a reduced 


recurrence rate (OR 0.41 CI 0.18—0.93), reduced 
requirement for further surgery (OR 0.21 CI 0.05- 
0.79), reduced pelvic pain (OR 0.1 CI 0.02-0.56) 
and a higher spontaneous pregnancy rate (OR 
5.21 CI 2.04—-13.29) [26]. However, there was 
insufficient data regarding pregnancy rates after 
COI and IUI [26]. Another Cochrane review anal- 
ysed the efficacy of surgery for women with endo- 
metrioma prior to ART. There was no difference 
in clinical pregnancy rate in the expectant and sur- 
gical (cystectomy or aspiration) group, although 
women with a cystectomy had a decreased ovar- 
ian response [27]. The ESHRE guideline recom- 
mends a laparoscopic ovarian cystectomy for 
endometrioma >4 cm [28, 29]. This reduces the 
risk of infection and improves follicle access dur- 
ing egg collection and possible improves ovarian 
response [28, 29]. Another study looked at the dif- 
ferent haemostatic techniques after laparoscopic 
excision of an endometrioma and the effect of 
ovarian reserve and IVF outcome. They did not 
find a difference in IVF outcome between women 
treated with bipolar electro-coagulation or ovar- 
ian suture for haemostasis [30]. Those haemo- 
static techniques were also investigated in a 
randomized controlled trial and no difference was 
seen between the two haemostatic approaches 
and pregnancy rate and time to conception [31]. 
However, women had a reduced ovarian reserve 
following ovarian cystectomy irrespective of the 
method of haemostasis [31]. 

Infertile women with endometriomas needing 
IVF treatment may present a dilemma, particu- 
larly with the prospects of extra costs of surgery 
and associated further delay before able to start 
fertility treatment. A systematic review from 
2009 comparing surgical with no treatment of 
endometrioma in women undergoing IVF did not 
reveal a significant effect on pregnancy rates 
[32]. However, a more recent study showed that 
the presence of endometrioma affected the num- 
bers of oocytes retrieved, although oocyte quality 
and clinical pregnancy rate were not found to dif- 
fer from women without endometrioma [33]. The 
long protocol with GnRH down-regulation has 
been shown to be favourable in women with 
moderate to severe endometriosis by increasing 
clinical pregnancy rate [34]. 
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At the time of egg collection, it is important 
to avoid puncturing the endometrioma as the 
cyst fluid has adverse effects on the gametes. If 
the endometrioma is accidentally punctured, the 
needle needs to be retrieved and flushed with cul- 
ture media or saline. Furthermore, intra-operative 
prophylactic antibiotics are recommended for all 
women with inadvertent puncture of endometri- 
oma in order to reduce the risk of pelvic infection. 


Conclusion 

The treatment of women with endometriomas 
should be individualised taking into account 
age, ovarian reserve and previous surgical and 
medical treatment in order to optimise the out- 
come. Surgery should be performed in experi- 
enced hands in order to reduce unnecessary 
ovarian damage and incomplete surgery which 
could have an adverse effect on future fertility. 


Key Practice Points 

1. Hormonal treatment for endometriomas 
should only be offered for symptom 
relief and not to improve fertility. 

2. Women with endometriomas of 3—4 cm 
may benefit from a 3 months course of 
GnRH analogues prior to IVF 
treatment. 

3. Surgical treatment in the form of laparo- 
scopic cystectomy may be recom- 
mended in women with symptomatic or 
large endometriomas >4 cm in size. 
However, ovarian surgery can reduce 
ovarian reserve. 

4. The treatment of women with endome- 
triomas should be individualised taking 
into account age, ovarian reserve and 
previous surgical and medical treatment. 
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The endometrioma is an ovarian cyst lined 
by ectopic endometrial tissue and containing 
dark brown or chocolate-coloured fluid. It was 
first mentioned in the literature in 1860 by the 
German pathologist Carl von Rokitansky who 
named it “ovarial cystosarcom” [1]. Sampson 
in 1927 was the first to describe it as “chocolate 
cysts” [2]. Endometriomas are found in about 
20 % of patients with endometriosis and are 
often associated with sever disease and extensive 
adhesions [3]. They are more common on the left 
ovary than the right one [4]. Although sometimes 
asymptomatic, endometriomas are usually asso- 
ciated with distressing symptoms such as pelvic 
pain and infertility. Diagnosis can be achieved 
with pelvic ultrasound scan, which is highly 
accurate, sensitive and specific in detecting 
endometriomas. Surgery remains the only effec- 
tive therapeutic option for endometriomas larger 
than three cm in diameter, although the optimum 
surgical techniques remain largely controversial. 
More recently, emerging evidence suggests a sig- 
nificant damaging effect of endometrioma sur- 
gery on ovarian reserve with a possible adverse 
effect on reproductive performance. 


S.A.K. Amer, FRCOG, MSc, MD 
Department of Gynaecology, 

Nottingham University, The Medical School, 
Royal Derby Hospital, Derby, UK 

e-mail: saadamer@hotmail.com 


This chapter will give an overview of ovarian 
endometriomas with a focus on the literature data 
on the effect of endometrioma and its surgical 
treatment on ovarian reserve and reproductive 
performance. 


Pathogenesis 


Three main theories have been postulated to 
explain the development of endometriomas. 
The most widely accepted model is the invagi- 
nation theory [5]. According to this theory, 
endometriomas start as superficial ovarian 
endometriosis, which becomes adherent to 
the adjacent peritoneum due to irritation and 
inflammation resulting from recurrent bleed- 
ing. As a result of ovarian adhesion to its fossa, 
blood and menstrual debris from the endome- 
triotic lesions accumulate underneath the ovary 
leading to progressive invagination of the ovar- 
ian cortex forming a pseudo-cyst. The second 
theory suggests that endometriomas start as 
functional ovarian cysts, which become gradu- 
ally infiltrated by endometriotic implants [6]. 
Lastly, it has been suggested that endometrio- 
mas result from coelomic metaplasia of invagi- 
nated epithelial inclusions on the surface of the 
ovary. This theory is based on the observation 
that about 12 % of endometriomas are free from 
adhesions and that endometriomas are often 
multiloculated [7]. 


M. Metwally, T.-C. Li (eds.), Reproductive Surgery in Assisted Conception, 43 
DOI 10.1007/978- 1-447 1-4953-8_5, © Springer-Verlag London 2015 


44 


Pathology 


Initially, the newly formed endometrioma is lined 
by endometriotic tissue with a prominent glandu- 
lar component. In long standing endometriomas, 
the endometriotic tissue is gradually replaced by 
fibrotic tissue. Eventually, the glandular compo- 
nents completely disappear leaving no histologi- 
cal evidence of endometriosis. In most cases, the 
cyst wall is fibrotic with foci of hypervascular- 
ized and haemorrhagic endometriotic lesions. 

Unlike other types of benign ovarian cysts, the 
ovarian tissue surrounding the endometrioma 
shows abnormal histological changes including 
reduced follicular density, inhibited follicular 
maturation and impaired vascular flow. The 
stroma surrounding the cortex shows haemor- 
rhages, distended capillaries, fibrosis and 
increased numbers of macrophages, neutrophils 
and lymphocytes [8, 9]. 


Clinical Presentation 


As part of endometriosis, ovarian endometrioma is 
a disease of reproductive age, which commonly 
affects women aged 25-29 years, although it can 
present in early adolescents and has been reported 
in peri-menopausal women. It could be completely 
asymptomatic presenting as an incidental finding 
on pelvic ultrasound scan. In most cases however, 
endometriomas typically present with non-cyclical 
pelvic pain with cyclical aggravation around the 
time of ovulation and during menstruation. In 
addition, endometriomas are frequently associated 
with other symptoms of severe endometriosis such 
as dysmenorrhoea, dyspareunia, dysuria, haema- 
turia, dyschezia and haematochezia. 


Diagnosis 
Imaging 


The imaging modality of choice for endo- 
metriomas is trans-vaginal ultrasound scan 
(TVS), which, in experienced hands, offers 
a diagnostic accuracy of 94 % with a sensi- 
tivity of 77 % and a specificity of 98 % [10]. 
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However, endometriomas can sometimes be 
confused with dermoid cysts, tubo-ovarian 
abscesses, mucinous cystadenomas or haem- 
orrhagic cysts [55]. Typically, endometriomas 
appear as thick-walled, rounded structures 
containing diffuse low-level homogeneous 
internal echoes, characteristically described as 
“ground-glass” appearance [11]. They can be 
multi-loculated and are often adherent to the 
pelvic side wall. Together with dermoid cysts, 
endometriomas make up over two-thirds of 
persistent adnexal masses in pre-menopausal 
women. 

Magnetic resonance (MR) can be used as a 
second-line diagnostic imaging modality for 
endometriomas with an accuracy of 90 %, 
sensitivity of 98 % and specificity of 96 % 
[12]. It is mainly used for the diagnosis and 
assessment of deep infiltrating endometriosis 
(DIE). 


Laparoscopy 


Endometriomas appear as deep-seated ovar- 
ian cysts of varied sizes (typically 3-12 cm in 
diameter), which could be unilateral or bilat- 
eral. They are distinguished from other cysts 
by the presence of pelvic adhesions and peri- 
toneal endometriotic deposits. The adhesions 
are typically between the affected ovary and 
its fossa, utero-sacral ligament, the contralat- 
eral ovary (kissing ovaries) and/or the uterus. 
In about 12 % of cases, the endometrioma is 
completely free from any adhesion (Fig. 5.1) 
[7]. The surface of the affected ovary appears 
puckered with “powder-burn” spots. Opening 
of the endometrioma will reveal the charac- 
teristic chocolate-coloured fluid, which dis- 
tinguishes it from simple haemorrhagic cysts. 
Inspection of the interior of the endometrioma 
usually shows a fibrotic inner wall with foci 
of hypervascularized and haemorrhagic endo- 
metriotic lesions. Although, visual inspection 
of the cyst is remarkably sensitive (97 %) and 
specific (95 %) for the diagnosis of endome- 
triomas, histological confirmation is always 
advisable to exclude any atypical or malignant 
changes [13, 14]. 
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Fig. 5.1 Excision of large ovarian endometrioma. Intact ovarian endometrioma (left), stripping off the cyst wall (mid- 


dle), separated cyst wall (right) 
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Fig. 5.2 Spontaneous pregnancy rates in women surgery for endometriomas. Pregnancy rates before and after surgery 
compared with a control group of age- and weight-matched healthy women 


Endometriomas and Reproductive 
Performance 


Ovulation 


Benaglia and co-workers scanned 70 women 
with unilateral endometriomas to assess the side 
of ovulation. They found that ovulation occurred 
from the affected ovary in 31 % of the patients 
[15]. Although there are some limitations to this 
small study, the results suggest that the normal 
mechanisms of ovulation are impaired in ovaries 
containing endometriomas. 


Spontaneous Pregnancy 


Ovarian endometriomas have been shown to 
be associated with increased rates of infertility, 


particularly if they are large (>3 cm) or have rup- 
tured [16]. In a recent longitudinal cohort study, 
we have found a significantly reduced spon- 
taneous pregnancy rate (48 %) in patients with 
untreated endometriomas seeking fertility com- 
pared with a group of healthy controls (Fig 5.2) 
[17]. As discussed above, this is thought to be 
due to a reduction in the amount of functional 
ovarian tissue available. 


Endometriomas and Ovarian Reserve 


The impact of untreated endometriomas on ovar- 
ian reserve is unclear. On one hand, some mark- 
ers of ovarian reserve seem to be reduced such 
as follicular density on histological assessment, 
antral follicle count on ultrasound scan and ovar- 
ian responsiveness to exogenous stimulation. 
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On the other hand, circulating Anti-Miillerian 
Hormone, which is considered an accurate maker 
of ovarian reserve, seems to be unaltered in the 
presence of endometriomas. 


Follicular Dynamics 


As mentioned above, several studies have con- 
sistently reported reduced follicular density, 
inhibited follicular maturation and impaired 
vascular flow in the ovarian tissues surrounding 
the endometrioma [8, 18, 19]. Interestingly, 
these changes are not seen in other types of 
benign ovarian cysts [9]. Therefore, the adverse 
histological changes associated with endome- 
triomas are unlikely to be due to a mechanical 
effect. Although, the mechanism of this dam- 
age is not well understood, it could be due to 
inflammatory response to the endometriosis or 
due to the toxic effect of the contents of the 
endometrioma [20, 9]. 


Antral Follicle Count (AFC) 


Almog and co-workers assessed the AFC in 273 
women with benign unilateral cysts, of which 
53 were endometriomas. They reported a sig- 
nificant reduction of the AFC in ovaries affected 
by endometriomas compared with the contra- 
lateral normal ovaries and with ovaries affected 
by other types of benign cysts including func- 
tional, dermoid and multi-loculated cysts, which 
showed normal AFC [21]. However, it is impor- 
tant to note that the accuracy of AFC assess- 
ment is significantly impaired in the presence of 
ovarian cysts. 


Anti-Millerian Hormone (AMH) 


A recent study has compared circulating AMH 
in 313 women with endometriosis (including 
95 with endometriomas) vs. 413 healthy con- 
trols [22]. The authors reported no differences in 
serum AMH levels between patients and controls 
(endometriosis vs. endometrioma vs. no disease). 
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Response to Controlled Ovarian 
Hyperstimulation 


The literature data on the impact of endometrio- 
mas on ovarian responsiveness to controlled 
ovarian hyperstimulation (COH) are conflicting. 
One study involving 36 patients with unilateral 
endometriomas undergoing IVF reported a 25 % 
reduction in the number of recruited follicles in 
the affected ovary compared to the contralateral 
normal ovary. The effect was more marked in 
women with large or multiple endometriomas 
[23]. However, a more recent study involving 81 
women with unilateral endometriomas undergo- 
ing IVF found endometriomas to have no effect 
on the number of oocytes retrieved from the 
affected ovary [24]. 


Management of Ovarian 
Endometrioma 


Management Strategy 


The natural history of untreated endometriomas 
remains largely unknown due to lack of any 
longitudinal studies following up untreated 
endometriomas. Management of endometrio- 
mas should be individualised depending on 
each patient’s circumstances [25]. Treatment 
options include expectant management, non- 
hormonal (pain killers) therapy, hormonal sup- 
pression and surgery. 

Asymptomatic endometriomas smaller than 
8 cm in young women not seeking fertility could 
be managed expectantly. On the other hand, 
endometriomas larger than 8 cm and/or those in 
older (>45 years) or post-menopausal women 
should be removed surgically due to the known 
risk of malignant transformation [26]. 

Symptomatic endometriomas smaller than 
3 cm, could be offered hormonal or surgical treat- 
ment. On the other hand, surgery remains the 
only effective treatment for symptomatic endo- 
metriomas >3 cm in diameter [27, 28]. Currently, 
there are no published data on the effect of medi- 
cal treatment, either hormonal suppression or 
pain killers, on symptomatic endometriomas. 
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Hormonal Therapy 


Endometriomas smaller than 3 cm in diameter 
may temporarily shrink by up to 50 % in 
response to hormonal suppression using danazol 
or Gonadotrophin Releasing Hormone (GnRH) 
analogues [29]. However, the endometrioma 
usually re-grows shortly after discontinuation of 
therapy [30]. In addition, hormonal suppression 
seems to offer no benefit as an adjuvant therapy 
with surgery for endometriomas either pre- 
operatively (to shrink the endometrioma) or 
post- operatively (to prevent recurrence) [31]. 
Furthermore, pre-operative GnRH analogue 
therapy seems to result in fibrosis of the endo- 
metrioma capsule, thereby increasing the diffi- 
culty of surgery [32]. 


Surgical Treatment 


Surgery is widely accepted as the only effective 
treatment for symptomatic endometriomas with 
high rates of pain improvement [28, 30, 33]. It is 
usually performed to alleviate pain, prepare for 
fertility treatment or to avoid cyst complications 
such as rupture, torsion or rarely malignant trans- 
formation [34, 35]. Recurrence of endometrio- 
mas after surgery remains a significant concern 
for patients and clinicians [36-38]. 


Management of Endometriomas 
in Sub-fertile Patients 


Surgery for endometriomas <8 cm with minimal 
or no symptoms prior to IVF is controversial. 
Whilst some Gynaecologists offer surgery, oth- 
ers prefer the expectant approach. Advocates of 
surgery claim that excision or ablation of the cyst 
improves ovarian responsiveness to COH, facili- 
tates access to the follicles during oocyte retrieval 
and avoids inadvertent insertion of the needle into 
an endometrioma with possible subsequent abscess 
formation [39-45]. On the other hand, advocates 
of expectant management claim that surgery could 
cause damage to ovarian function, which could 
compromise the outcome of IVF. Furthermore, the 


risk of abscess formation in patients with untreated 
endometriomas seems negligible. This is supported 
by Benaglia and co-workers who reported 0 % 
infection rate in 119 patients with endometrioma 
undergoing 189 oocyte retrieval cycles from the 
affected ovary [46]. 

In 2005, ESHRE issued guidelines for the 
management of endometriosis recommending 
laparoscopic ovarian cystectomy for patients 
with endometriomas >4 cm who are scheduled 
for IVF. However, in 2013 with the emergence 
of new evidence, ESHRE published a new set of 
guidelines recommending clinicians only to con- 
sider cystectomy for endometriomas >3 cm prior 
to IVF if necessary to improve pelvic pain or to 
facilitate access to the follicles during oocyte 
retrieval. In both sets of guidelines, ESHRE rec- 
ommends that clinicians counsel women with 
endometrioma regarding the risks of reduced 
ovarian function after surgery and the possible 
loss of the ovary. The decision to proceed with 
surgery should be considered carefully if the 
woman has had previous ovarian surgery. 

A survey amongst 107 ESHRE members in 
2010 showed the majority (79 %) to adhere to the 
2005 guidelines, with cystectomy being the pre- 
ferred procedure for endometriomas prior to [VF 
[47]. More recently, we have conducted a national 
survey focused on current UK practice in women 
with endometriomas undergoing IVF. A total of 
388 UK gynaecologists completed the survey. We 
found that 95 % of surgeons offer surgery for endo- 
metriomas in women undergoing ART, either on 
the basis of the size of the endometrioma (51.4 %), 
the presence of symptoms (16.2 %), the presence 
of multiple/bilateral endometriomas (1.7 %), 
regardless of the size and symptoms (18.8 %) or 
only to women undergoing IVF (6.1 %) (Fig. 5.3). 
Excision was the most common surgical modality 
(68 %), followed by ablation (25 %) [48]. 

From these two surveys, it seems that surgery 
for endometriomas is widely practiced despite 
the lack of good evidence of benefits to IVF treat- 
ment. Furthermore, new emerging evidence sug- 
gests that surgical treatment of endometriomas 
prior to ART does not seem to improve treatment 
outcomes and may compromise ovarian reserve 
(see below). 
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Fig.5.3 National survey of UK practice in subfertile women with ovarian endometriomas undergoing IVF. Percentages 
of gynaecologists offering different types of surgery for endometriomas 


Surgical Techniques 


A laparoscopic approach, with its well estab- 
lished advantages, should be the preferred choice 
rather than laparotomy for endometrioma surgery 
whenever possible. Compared to laparotomy, 
laparoscopy gives a magnified view of the dis- 
ease, improves precision of treatment, minimises 
blood loss, allows quicker recovery and reduces 
postoperative adhesion formation [49-51]. 

The optimal surgery for endometriomas is con- 
troversial. The initial step invariably includes com- 
plete mobilization of the affected ovary by lysis of 
the peri-ovarian adhesions. The endometrioma is 
then widely opened, drained and irrigated to clear 
all the chocolate material. The interior wall is 
inspected for evidence of endometriosis and to 
exclude any suspicious looking areas. Whilst some 
surgeons take a more conservative approach by 
just ablating the visible endometriotic tissue (using 
diathermy or laser) on the interior of the endome- 
trioma, others (including the author of this chap- 
ter) prefer to strip off the cyst wall from the ovarian 
tissue [52, 53]. After removal of the cyst wall, the 
ovary is carefully inspected and bleeding points 
are secured with bipolar electrocoagulation until 
good homeostasis is achieved. There is usually no 
need to reconstruct the ovary after either treat- 
ment. Whichever approach is taken, a biopsy has 
to be taken from the endometrioma to exclude 


malignancy. There is a consensus that just draining 
and irrigating the endometrioma (cystectomy) is 
not enough and reformation of the chocolate cyst 
is almost inevitable [54-56]. 


Recurrence of Endometrioma 
After Surgery 


Recurrence rates of 10-30 % have been reported 
at 12-48 months after excision of endometrio- 
mas [57-62]. A recent Cochrane review [63], 
based on two RCTs [64, 65] reported a signifi- 
cantly lower recurrence rate at 12—24 months 
follow-up after excision compared to ablation 
surgery. However, a recent long-term follow-up 
study showed similar recurrence rates for the two 
modalities at 5-year follow up [66]. Interestingly, 
it appears that pregnancy after endometrioma 
surgery is protective against recurrence of the 
cysts [38, 60]. 


Ablation Versus Excision 


Although, the debate over ablation vs. cystec- 
tomy remains unresolved, recent national and 
European surveys have revealed that the major- 
ity of gynaecologists seem to favour the exci- 
sion approach [47, 48]. Advocates of cystectomy 
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argue that it minimizes the risk of recurrence and 
may result in higher spontaneous pregnancy rates 
[63]. Advocates of the conservative approach 
claim that the cyst wall consists of normal ovar- 
ian tissue, which if removed could potentially 
compromise the ovarian reserve due to the signif- 
icant loss of follicles. Furthermore, cystectomy 
has been associated with concomitant excision 
of normal ovarian tissue resulting in further loss 
of ovarian reserve [8, 67, 68]. They also claim 
that ablation offers several other advantages such 
as reduction of operative time, minimisation of 
blood loss and reduction of the risk of postopera- 
tive adhesion formation. On the other hand, advo- 
cates of excision argue that ablation is associated 
with higher recurrence rates. In addition, ablation 
could cause significant thermal damage to nor- 
mal surrounding ovarian tissues, with subsequent 
loss of ovarian reserve [69, 70]. 


Surgery for Endometriomas 
and Ovarian Reserve 


Impact of Surgery 
on Circulating AMH 


Short- to Medium-Term Effects on AMH 
Several prospective cohort studies involving 
patients undergoing surgery for endometriomas 
have consistently reported a significant postop- 
erative fall in serum AMH levels. Circulating 
AMH has also been shown to fall after surgery 
for other types of benign ovarian cysts, but to a 
much less extent compared to surgery for endo- 
metriomas [71, 72]. 

We have recently published a systematic review 
and meta-analysis of eight prospective cohort 
studies investigating changes of circulating AMH 
in 237 patients undergoing surgery for endometri- 
omas [73]. The results showed a statistically sig- 
nificant fall in serum AMH concentration after 
ovarian cystectomy (weighted mean difference 
[WMD] 1.13 ng/ml; 95 % confidence interval 
(CD, 0.37-1.88), but heterogeneity was high. The 
significant fall in circulating AMH persisted 
(WMD, 1.52 ng/ml, 95 % CI, 1.04—2.0) after 
improvement of heterogeneity by sensitivity 


analysis of studies involving patients with normal 
preoperative circulating AMH (23.1 ng/ml). We 
have therefore concluded that excision of endome- 
trioma seems to cause about 25 % reduction of 
circulating AMH. It is important to note that all the 
studies included in the analyses had a short follow- 
up period, typically one to 3 months after surgery. 


Long-Term Effect 

Until recently, there have been no studies address- 
ing the long-term impact of surgery for endome- 
triomas on ovarian reserve. One of the short-term 
follow-up studies reported a 65 % recovery in 
serum AMH levels 3 months after laparoscopic 
ovarian cystectomy. However, the findings of 
this study were not specific to endometriomas 
as other types of benign ovarian cysts were also 
included. 

We have recently conducted a longitudinal 
long-term follow up study investigating the serum 
AMH levels up to 9 years after endometrioma 
surgery (unpublished data). The study included 
50 patients with previous endometrioma surgery 
and 50 age- and weight-matched healthy controls 
without any previous ovarian surgery. Serum 
AMH levels were compared between the study 
and control groups as well as between subgroups 
of study patients undergoing different types of 
surgery. We found a significantly (p=0.044) 
lower median [quartile] serum AMH concentra- 
tion (0.31 [0.00—-0.77]) in patients (aged <42) 
with previous endometrioma surgery compared 
to that (0.52 [0.26-1.54] ng/ml) of the control 
group. Further sub-analysis revealed that neither 
the type of surgery (excision, ablation, oophorec- 
tomy or drainage) nor the number of surgical epi- 
sodes seems to influence the long-term changes 
in serum AMH levels. 


Impact of Surgery on AFC 


Data on the impact of endometrioma surgery 
on AFC are conflicting. Whilst, several short- 
term studies have reported a significant post- 
operative reduction of AFC [74-77], others 
have revealed either no change [78] or an 
increase in the AFC [79]. 
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Impact of Surgery on Ovarian 
Response to COH 


Ovarian response to COH during IVF is widely 
used as the best marker for ovarian reserve. 
However, the accuracy of this method may be 
compromised by several factors e.g., the opera- 
tor’s skill, variation in stimulation protocols and 
the threshold follicle size for ovum retrieval [80]. 

A plethora of published studies have looked at 
ovarian responsiveness to COH in ART cycles fol- 
lowing surgery for endometriomas. Overall, the 
data from these studies are conflicting, although, 
the majority have reported a negative effect of sur- 
gery (mainly excision). These studies can be 
divided into three groups according to the control 
subjects used for comparison as detailed below. 

The first group of studies compared ovar- 
ian response to COH in patients with surgically 
treated endometriomas vs. a control group of 
patients with untreated endometriomas. The 
majority of these studies reported longer stimu- 
lation periods, greater FSH requirements, lower 
serum oestradiol concentrations and fewer mature 
oocytes retrieved in the surgically treated group 
[26, 81, 82]. However, one study reported no dif- 
ference in length of stimulation and FSH require- 
ments and showed that higher levels of oestradiol 
were obtained in the treated group [83]. A recent 
meta-analysis [84] summarising the results of 
five retrospective studies revealed no significant 
effect of endometrioma surgery on peak serum 
E2 levels, number of retrieved oocytes, number 
of utilised gonadotrophin ampoules and number 
of embryos available for transfer. 

The second group of studies have compared 
ovarian response in the surgically treated ovaries 
vs. the contra-lateral normal ovaries. The major- 
ity of these studies have shown a reduced number 
of recruited follicles and retrieved oocytes in the 
treated ovary [85-91]. However, a few other 
reports have shown no difference in response to 
ovarian stimulation between the operated and 
contra-lateral normal ovary [92—94]. 

Finally, a third group of studies compared 
women with excised endometriomas vs. a control 
group of women without endometriomas. The 
majority of these studies reported higher require- 
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ment for FSH, lower peak serum E2 levels, 
reduced number of recruited follicles and number 
of retrieved oocytes/embryos in the patients with 
surgically treated endometriomas [83, 91, 95- 
100]. Some other studies have shown no differ- 
ence in the two groups with regards to the above 
parameters [93, 101-106]. 


Premature Ovarian Failure 


One study involving 103 patients undergoing sur- 
gery for unilateral endometrioma reported an 
incidence of 0.9 % for premature ovarian failure 
[107], which is similar to general population 
(POF) [108]. Two studies reported a POF inci- 
dence of 2.4 and 2.5 % in patients with previous 
surgery for bilateral endometriomas [107, 109]. 
These figures, which seem significantly higher 
than a background incidence of 1 % [108] in the 
general population, suggest that surgery for bilat- 
eral endometriomas increase the risk of POF. 


Surgery for Endometriomas 
and the Onset of Menopause 


Currently, there are limited data on impact of endo- 
metrioma surgery on the age of menopause. In a 
recent longitudinal study, Coccia and co-workers 
followed up 239 patients for up to 14 years after 
excision of endometriomas (unilateral in 155 cases 
and bilateral in 84) [107]. They reported a signifi- 
cantly (p=.0001) lower age at menopause for 
women (n=32) with previous endometrioma sur- 
gery (45.3+4.3 years, range 32-52) compared to 
that of the reference population (51.2+3.8 years, 
range 45-56) [110]. They also reported that women 
with previous bilateral cystectomy (n=11) were 
significantly (p=003) younger (42.1+5.1 years) at 
menopause than patients (n=21) with history of 
unilateral endometrioma excision (47.1 +3.5 years). 
Interestingly, there was no statistically significant 
difference in the age of menopause between 
patients with previous excision of bilateral endo- 
metriomas (42.1 +5.1 years) compared to endome- 
triosis patients who had no ovarian disease 
(45.1+3.0 years). 
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Mechanism of Damage to Ovarian 
Reserve 


As discussed above, the presence of untreated endo- 
metriomas seems to cause some damage to ovarian 
reserve. Surgery appears to further damage the 
already compromised ovarian reserve as evidenced 
by the postoperative fall of circulating AMH. This is 
likely to be either due to inadvertent removal of nor- 
mal ovarian tissue during cystectomy or to thermal 
destruction to surrounding ovarian tissue during 
ablation surgery. The extent of surgical contribution 
to the loss of ovarian reserve remains uncertain. 


Surgery for Endometriomas 
and Reproductive Function 


Short-Term Effects 


Spontaneous Ovulation 

Few studies have reported a marked reduction in 
spontaneous ovulation rates after surgery for 
ovarian endometriomas. Loh and co-workers 
monitored ovulation in 11 natural cycles after 
excision of unilateral endometriomas in women 
under the age of 35. They reported that ovulation 
occurred only in the untreated ovaries [94]. 
Another study reported a significant (p=0.01) 
reduction of ovulation rate from 34.3+6.6 % 
before excision of a unilateral endometrioma to 
16.9+4.5 % postoperatively [111]. 


Spontaneous Pregnancy 

Pregnancy rates of 23-67 % have been reported 
during follow-up periods of 24—48 months after 
laparoscopic surgery for endometriomas [35, 
37, 48-50, 56, 63, 64, 111-114]. Elsheikh and 
Co-workers analysed cumulative pregnancy rates 
at different times after excision of endometrio- 
mas (>3 cm) [113]. They reported pregnancy 
rates of 25, 40, 50 and 53 % at 6, 12, 18 and 24 
months after surgery respectively. All the above 
data should, however, be interpreted with cau- 
tion as most of these studies are retrospective 
with significant selection and publication bias. 
Furthermore, many studies had high rates of 
loss to follow-up and did not analyse important 


data such as the number and laterality of the 
endometriomas. 

A recent review summarising published studies 
reported similar pregnancy rates following differ- 
ent surgical techniques for endometriomas (exci- 
sion or ablation) using different energy modalities 
[115]. For untreated endometriomas, the review 
reported a 10 % cumulative pregnancy rate at 24 
months, which was increased to ~50 % after laser 
ablation, with the majority of the pregnancies 
occurring within the first 10 months. However, the 
authors of the review pointed out that there was a 
wide variation in the criteria used to select patients 
and in the way results were reported. 

A Cochrane systematic review including two 
randomised trials comparing laparoscopic exci- 
sion vs. ablation of endometriomas reported 
higher spontaneous pregnancy rates after exci- 
sion (OR 5.12, CI 2.04—13.29) [62]. 


Long-Term Effects 


In a recent long-term follow-up study involving 
38 women seeking fertility after endometrioma 
surgery, we have reported a spontaneous preg- 
nancy rate of 50 % during a 9-year follow-up 
period [17] (Fig. 5.2). This was not significantly 
different from a pre-operative spontaneous preg- 
nancy rate of 48 % in the same group of patients. 
These rates were significantly lower (p=0.0001) 
than the 98 % long-term spontaneous pregnancy 
rate in a control group of age- and weight-matched 
healthy controls. We have therefore concluded 
that endometriomas per se appear to be the main 
cause of the compromised reproductive perfor- 
mance, with little or no contribution from surgery. 
These results are consistent with a previous study 
by Shimizu and co-workers who reported a long- 
term spontaneous pregnancy rate of 49 % amongst 
45 subfertile women who underwent KTP laser 
ablation of endometriomas [116]. 


ART Outcome 


Several studies have consistently reported that 
surgical treatment of endometriomas before ART 
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neither improves nor worsens the pregnancy 
rates. In a meta-analysis by Tsoumpou and co- 
workers, no differences were found in pregnancy 
rates following IVF between patients who had 
ovarian cystectomy/ablation vsc women with 
untreated endometriomas [84]. These findings 
are supported by a recent Cochrane systematic 
review, which reported that aspiration/excision of 
endometrioma did not improve the pregnancy 
rates during IVF [117]. 

Gupta and co-workers reviewed all studies 
published between 1985 and 2005 investigating 
the outcomes of ART after surgery (aspiration/ 
excision) for ovarian endometriomas [118]. They 
reported that although there was a reduction in 
the number of growing follicles and retrieved 
oocytes following endometrioma surgery, the 
pregnancy rates were no different from patients 
with untreated endometriomas. A study by Ragni 
and co-workers reported a marked reduction 
(~50 %) in the number of dominant follicles, 
retrieved oocytes and created embryos from the 
surgically treated ovary compared to the normal 
contra-lateral ovary. However, there was no dif- 
ference in fertilisation rates between oocytes 
from the two ovaries. They explained that these 
results suggest that the damage to ovarian reserve 
is quantitative rather than qualitative [89]. 

Data on the impact of surgery for bilateral 
ovarian endometrioma on pregnancy rates during 
IVF are very limited and conflicting. Esinler and 
co-workers reported that although the number of 
oocytes obtained was much lower following 
bilateral ovarian surgery group compared to uni- 
lateral surgery, the number of embryos obtained 
and the clinical pregnancy rates were similar 
[96]. On the other hand, another study found sig- 
nificantly impaired IVF pregnancy rates in 
women with previous bilateral endometrioma 
surgery compared to women without previous 
ovarian surgery [97]. 


Conclusions 

Endometriomas, which are commonly 
encountered in women presenting with sub- 
fertility, usually represent a dilemma to the 
Reproductive Specialist. Surgery remains the 
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only effective treatment for endometriomas 
larger than three cm in diameter. National and 
international surveys have revealed that the 
majority of Gynaecologists and Reproductive 
specialists offer surgery for endometriomas in 
subfertile patients before fertility treatment. 
This is despite evidence that endometrioma 
surgery does not improve success rates of 
IVF. Furthermore, increasing evidence sug- 
gests that surgery for endometriomas signifi- 
cantly damages ovarian reserve and 
compromises ovarian responsiveness to COH 
during IVF. It is therefore reasonable to rec- 
ommend that endometrioma surgery before 
IVF should only be considered in patients 
with marked symptoms or with vary large 
endometriomas, which could interfere with 
oocyte retrieval. 


Key Practice Points 

1. Ultrasound is the imaging modality of 
choice for the diagnosis of endometriomas 
with a high sensitivity and specificity. 

2. Endometrioma surgery does not 
improve success rates of IVF, can dam- 
age ovarian reserve and compromises 
ovarian responsiveness to stimulation. 

3. Endometrioma surgery before IVF 
should only be considered in symptom- 
atic patients or where endometriomas 
would interfere with oocyte retrieval. 

4. During surgical treatment of an endo- 
metrioma, a tissue biopsy should be 
obtained to exclude malignant change. 
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Part Ill 


The Ovary 


Saad A.K. Amer 


Polycystic ovarian syndrome (PCOS) is a very 
common ovarian endocrinopathy affecting 6-8 % 
of women of reproductive age and is a major 
cause of anovulatory infertility accounting for 
~75 % of cases [1-4]. According to the 2003 
revised ESHRE/ASRM Rotterdam consensus, 
PCOS is defined as a syndrome of ovarian dys- 
function along with the cardinal features of 
hyperandrogenism and polycystic ovarian mor- 
phology. At least two of these three features are 
necessary for the diagnosis of the syndrome [5]. 
Another important feature of PCOS is its associa- 
tion with insulin resistance and compensatory 
hyperinsulinaemia [5]. More recent research 
reported a prevalence rate of PCOS as high as 
20 % based on the 2003 revised Rotterdam diag- 
nostic criteria [6, 7]. 

In PCOS women presenting with anovulatory 
infertility, clomiphene citrate (CC) is the stan- 
dard first line treatment for induction of ovula- 
tion. According to the Thessaloniki PCOS 
Consensus on infertility treatment related to 
PCOS, patients who fail to ovulate/conceive on 
CC can be offered laparoscopic ovarian drilling 
(LOD) or gonadotrophin ovarian stimulation [8]. 
LOD offers several advantages over gonadotro- 
phin therapy and is therefore recommended by 
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many Reproductive Specialists as the preferred 
second line treatment for ovulation induction 
after CC. 

This chapter will present an overview of the 
current role of LOD in the management of 
women with anovulatory PCOS, its techniques, 
clinical outcomes, possible mechanisms of 
action, complications and predictors of success. 


Historical Perspective 


In the 1930s, Stein and Leventhal introduced 
ovarian wedge resection (OWR) as the first ovu- 
lation induction method in women with anovula- 
tory PCOS [9]. Three decades later (in the 
sixties), when clomiphene citrate (CC) was intro- 
duced as an effective ovulation induction agent, 
OWR was largely abandoned due to its associ- 
ated morbidity [10]. Clomiphene citrate became 
the standard treatment for anovulatory PCOS and 
OWR was only rarely resorted to after CC failure 
[11]. In the late sixties, with the development of 
operative laparoscopy, there was a renewed inter- 
est in ovarian surgery carried out laparoscopi- 
cally. In 1967, Palmer and de Brux in France 
were the first to describe laparoscopic ovarian 
biopsies for PCOS achieving encouraging results 
[12]. In 1984, Gjonnaess was the first to describe 
ovarian diathermy, which involved making a 
number of craters on the ovarian surface using 
the tips of laparoscopic scissors or graspers [13]. 
This was later modified by Armar and co-workers 
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Table 6.1 History of treatment of anovulatory PCOS 


Date Treatment of anovulatory infertility in PCOS 

1930 Bilateral ovarian wedge resection (Stein and 
Leventhal [9]) 

1961 Clomiphene citrate (Greenblatt [10]) 

1967 Laparoscopic ovarian biopsies (Palmer and de 
Brux [12]) 

1978 Laparoscopic ovarian diathermy (Gjonnaess 
[13]) 

1990 Laparoscopic ovarian drilling [Laser] (Huber 


et al. [15]) 


who punctured the ovary at a number of points 
using needle diathermy, a technique now called 
“ovarian drilling” [14]. In 1988, Huber and 
Co-workers described ovarian drilling using laser 
energy [15]. The history of LOD is summarised 
in Table 6.1. 


The Current Role of Laparoscopic 
Ovarian Diathermy in PCOS 


According to the Thessaloniki PCOS Consensus 
on infertility treatment related to PCOS, all 
overweight and obese PCOS women should first 
be encouraged to loose weight through life style 
measures before any medical treatment [8]. 
Whilst CC remains the standard first-line treat- 
ment in anovulatory PCOS women, the second 
line treatment has been the subject of much 
debate, with competition between LOD, gonad- 
otrophin and metformin to be the preferred 
choice (Fig. 6.1). Perhaps, with the increasing 
awareness of the predictors of success/failure of 
each of these treatments, it may now be possible 
to apply an individually tailored treatment 
according to each patient’s pre-treatment char- 
acteristics e.g., metformin may be the treatment 
of choice for overweight/obese 
However, emerging evidence from large RCTs 
on metformin does not support its routine use 
for ovulation induction in PCOS [16, 17]. On 
the other hand, LOD and gonadotrophins have 
been shown to be equally effective in inducing 
ovulation and producing high pregnancy and 
livebirth rates in women with PCOS (Tables 6.2 
and 6.3) [18, 19]. LOD has been recommended 
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Fig. 6.1 Management options for anovulatory infertility 
associated with PCOS. Weight reduction should be con- 
sidered before any medical induction of ovulation in all 
overweight/obese PCOS women. Clomifene citrate is the 
standard first-line medical ovulation induction in non- 
obese PCOS women. The second line treatment after clo- 
mifene citrate -resistance/failure is still uncertain with 
competition between LOD, gonadotrophin and metformin 
to be the preferred choice 


Table 6.2 LOD vs. rFSH in CC-resistant PCOS women 
LOD (n=83) rFSH (n=85) 


Ovulation (per cycles) 70 % 69 % 
Conception at 12/12 16 % 75 % 
Multiple pregnancies 1 (>2 %) 9 (14 %) 
Miscarriage rate 11% 11% 
Livebirth rate 64 % 60 % 


From Bayram et al. [18], with permission 

NB: Women who remained anovulatory after LOD were 
given CC (n=45) and those who did not respond to CC 
(n=23) received rFSH (n=23) 


by many authors as the preferred choice after 
CC-resistance/failure as it offers several 
advantages over gonadotrophins (Table 6.4). 
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Table 6.3 LOD vs. rFSH rFSH in CC-resistant PCOS 
women 

OR (95 % CI) 

1.04 (0.74, 1.99) 

1.08 (0.67, 1.75) 

0.13 (0.03, 0.59) 

0.81 (0.36, 1.86) 


Cumulative pregnancy 
Livebirth 

Multiple pregnancy 
Miscarriage rates 


Data from Farquhar et al. [19] 


Table 6.4 Advantages and disadvantages of LOD 


A. Advantages 
1. At least as effective as gonadotrophin treatment 
2. Less Costly 
3. Avoids intensive, inconvenient and complex 
monitoring 
4. Single treatment produces repeated ovulatory 
cycles and potentially repeated pregnancies 


5. Avoids OHSS 
6. No increase in muliple pregnanccies 
B. Disadvantages 
1. The need for surgery under general anaesthetic 
2. Iatrogenic adhesion formation 
3. Theoretical risk of premature ovarian failure 


Importantly, in contrast to gonadotrophin ther- 
apy, LOD results in mono-ovulation, with no 
risk of ovarian hyperstimulation syndrome 
(OHSS) and with an incidence of multiple preg- 
nancies no higher than background rates. 
Moreover, LOD is less costly and does not 
require complex monitoring. In an economic 
evaluation of LOD versus gonadotrophin ther- 
apy, Farquhar and co workers estimated the cost 
per term pregnancy to be €14,489 for gonado- 
trophin and €11,301 for LOD (22 % lower) [20]. 
Furthermore, a recent long-term economic study 
by Nahuis and co-workers reported significantly 
lower costs per live birth after LOD compared to 
gonadotrophins therapy in CC-resistant PCOS 
women [21]. In addition, with LOD, a single 
treatment leads to repeated physiological ovula- 
tory cycles and potentially repeated pregnancies 
without the need for repeated courses of medi- 
cal treatment. The main drawback of LOD is the 
need for general anaesthetic and surgery. Other 
complications, such as iatrogenic adhesion for- 
mation and premature ovarian failure are rare 
and appear to be of little clinical significance. 
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Advantages and disadvantages of LOD are sum- 
marised in Table 6.4. 

We have recently conducted a randomised 
controlled trial investigating the potential role 
of LOD as a first line treatment in preference to 
CC for anovulatory PCOS [22]. Although, the 
success rates were not significantly different 
between LOD and CC, there was a trend towards 
a higher pregnancy rate with CC treatment. 
Furthermore, the study provided evidence that 
LOD is more effective in CC-resistant PCOS 
patients compared to CC responsive patients. It 
was therefore concluded that LOD should 
remain as a second line treatment for anovula- 
tory PCOS. 


Techniques of Laparoscopic 
Ovarian Drilling 


Numerous techniques of laparoscopic ovarian 
surgery to induce ovulation in PCOS women 
have been developed over the years. Most of the 
techniques involve either taking ovarian biopsies 
or making multiple punctures on the surface of 
the ovary using electrocautery or laser. More 
recently, there have been several attempts to use a 
transvaginal route to perform the ovarian surgery 
utilizing either a fertiloscopy or an ultrasound 
guided approach. Currently, the most widely 
used technique for ovarian surgery is laparo- 
scopic ovarian drilling (LOD) using electrocau- 
tery due to its simplicity, effectiveness, relative 
safety and low cost. A detailed description of the 
technique follows. 


LOD Using Electrocautery 


Three-Puncture laparoscopy is established and 
the pelvis is thoroughly inspected for any pathol- 
ogy and the ovaries examined for the features of 
PCO. The utero-ovarian ligament is grasped with 
a pair of atraumatic grasping forceps and the 
ovary is lifted up and stabilized in position away 
from the bowel (Fig. 6.2a). This is essential to 
avoid direct or indirect thermal injury to the 
bowel. A laparoscopic monopolar diathermy 
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Fig. 6.2 Laparoscopic ovarian drilling with monopolar 
electrocautery. (a) The utero-ovarian ligament is grasped 
with atraumatic grasping forceps and the ovary is lifted up 
away from the bowel. With the ovary stabilized in posi- 


needle is used to penetrate the ovarian capsule at 
a number of points. The active distal part of the 
needle should measure 7-8 mm in length and 
2 mm in diameter and project from an insulated 
solid cone with a wider diameter. When the nee- 
dle penetrates the capsule of the ovary, the insu- 
lated cone controls the depth of penetration and 
minimizes thermal damage to the ovarian sur- 
face. The needle should be applied to the 
anti-mesenteric surface of the ovary at right angle 
to avoid slippage and to minimize surface dam- 
age (Fig. 6.2a). The site of application should be 
away from the ovarian hilum and the fallopian 
tube. This is necessary to avoid damage of the 
hilum (which can lead to ovarian atrophy) and the 
fallopian tube (which can cause mechanical 
infertility). After insertion of the needle through 
the ovarian capsule, monopolar coagulation elec- 
tricity current is activated for 5 s with a power 
setting of 30w (Fig. 6.2b). Electricity should not 
be activated before penetrating the surface of the 
ovary to avoid arcing and to minimize the dam- 
age to the ovarian surface due to the charring 
effect, which may later cause adhesion forma- 
tion. However, it may be necessary to facilitate 
the needle insertion by a short burst of diathermy. 
The ovary is then cooled down by irrigation using 
Hartmann’s solution before releasing it to its nor- 
mal position. The techniques are summarized in 
Table 6.5. 
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tion, the needle is applied to the anti-mesenteric surface at 
right angle. (b) The full length of the needle is pushed into 
the ovarian capsule and electricity is activated for 5 s. This 
is repeated at 4 separate points 


Table 6.5 Techniques of LOD using electrocautery 


1. Three — Puncture technique 


2. Utero-ovarian ligament is grasped with a pair of 
atraumatic forceps 


3. The ovary is lifted up away from the bowel and 
stabilized 


4. A specially designed monopolar electrocautery 
needle probe is used 


5. The needle applied at right angle to the anti- 
mesenteric surface of the ovary 


6. The needle should be away from ovarian hilum and 
the Fallopian tube 


7. Power is set at 30 W (coagulating) 


8. The full length of the needle is pushed into the 
capsule to a depth of 6-8 mm 


9. Electricity is activated for 5 s 
10. Four punctures are made in each ovary 


11. The ovary is cooled with saline at the end of the 
drilling procedure 


12. A crystalloid solution is instilled at the end of the 
procedure 


How Much Energy Should Be Used 
for LOD? 


The amount of thermal energy used and number 
of punctures made in each ovary varied consider- 
ably in different studies. Between 3 and 25 punc- 
tures have been reported with power settings 
between 30 and 400 W [13, 23-25]. In a retro- 
spective review of 161 women who underwent 
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LOD, we found that two punctures resulted in 
poor outcome and three punctures (450 J/ovary) 
seemed to represent a plateau dose, above which 
no further improvement of the outcome was 
observed. Seven or more punctures seemed to be 
associated with reduction of the ovarian reserve 
suggesting excessive ovarian destruction [25]. In 
a prospective dose finding study utilizing an “up- 
and-down design” and involving 30 women with 
anovulatory PCOS undergoing LOD, we have 
found four punctures (600 J) per ovary at 30 W for 
5 s (150 J) per puncture to represent the optimum 
number required to achieve the best result [26]. 


Depth of Needle Insertion into 
the Ovary 


It has now been established that deep insertion of 
the needle into the ovarian stroma during LOD is 
necessary to achieve optimal results with the low- 
est amount of thermal energy. The rational for 
this approach is that deep penetration allows the 
direct delivery of thermal energy into to the ovar- 
ian stroma resulting in more effective destruction 
of the androgen producing tissue. This effect is 
thought to be the main mechanism of action of 
LOD. Deep penetration also helps to avoid ovar- 
ian surface charring, which is a cause of postop- 
erative adhesion formation. The theoretical 
benefits of deep needle insertion has been sup- 
ported by previous research by our group as well 
as others, which showed that a needle insertion of 
about 8 mm into ovarian stroma resulted in good 
clinical outcomes with a relatively small amount 
of energy [14, 25, 26]. On the other hand, 
Gjonnaess who made shallow craters of 2—4 mm 
depth on the ovarian surface, delivered a very 
high amount of thermal energy (>3,750 J/ovary) 
to achieve successful outcomes [13]. 


Other Techniques of Ovarian 
Electrocautery 


Several authors applied the techniques described 
by Gjonnaess making craters on the ovarian sur- 
face using biopsy or sterilization forceps pressed 
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against ovarian surface for 2—4 s delivering 
monopolar current (200-300 W) [13, 24, 27-29]. 
Pelosi and Pelosi used monopolar diathermy nee- 
dle to create 4—6 linear incisions into the ovarian 
tissue to a depth of 5-7 mm, extending from one 
end of the ovary to the other along the axis [30]. 
Merchant used low-watt (25 W) bipolar current 
to penetrate the ovarian capsule and coagulate all 
the visible cysts [31]. The overall results of these 
techniques are comparable and encouraging. 


Laser Ovarian Surgery 


Four lasers have been used including Nd: YAG, 
CO2, argon and KTP. Nd:YAG laser is delivered 
via a fine quartz fibre and can be used in the con- 
tact and non-contact mode. In the non-contact 
mode, the laser fibre is applied at a distance of 
5-10 mm of the anti-mesenteric surface of the 
ovary with a power setting of 30-100 W. It has 
been used to make incisions [15] or punctures 
[32] or to coagulate a wedge-like area [33]. In the 
contact mode, with a sapphire tip screwed on the 
flexible laser fibre, the probe can be introduced 
into the ovarian capsule to create punctures [34] 
or to cut out a wedge-shaped portion (0.5 cm) of 
the ovary [35] CO2 laser has been used to drill 
10—40 craters in the ovarian tissue and to vapor- 
ize the visible subcapsular follicles. With power 
setting of 10-30 W in a continuous mode, the 
laser beam is focused to a spot size of 0.2 mm for 
5-10 s per puncture. Argon and Potassium- 
titanyl-phosphate (KTP) lasers are delivered by 
flexible fibres, which are used in the contact 
mode without special tips. With a power setting 
of 6-16 W all the visible subcapsular cysts can be 
vaporized and 20—40 punctures can be made in 
each ovary (Fig. 6.3). 


Laser Versus Electrocautery 


It appears that electrocautery is superior to laser 
for LOD for a number of reasons. Firstly, electro- 
cautery is more effective than laser in achieving 
ovulation and pregnancy [32, 36, 37]. Secondly, 
laser, especially CO2 laser, may be associated 
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Fig. 6.3 Laparoscopic ovarian drilling with argon laser. 
The argon laser fibre is introduced through a suction irri- 
gation probe and is applied to the anti-mesenteric surface 
of the ovary. The fibre is pushed into the ovarian capsule 
and laser is activated for 1 s with power setting at 
6-16 W. Twenty to forty punctures are usually made 


with a higher risk of adhesion formation because 
it produces more surface injury than electrocau- 
tery. Thirdly, electrocautery is less costly and 
easier to set up. In addition, the effect of dia- 
thermy may last longer than the laser effect [37] 


Transvaginal Ovarian Surgery 


In search for less invasive ovarian surgery for 
PCOS, some authors have described transvaginal 
approach to apply diathermy, laser or hydrocoag- 
ulation to the ovarian stroma. Other authors used 
transvaginal mini-laparoscopy (fertiloscopy) to 
perform ovarian drilling. Mio and co-workers 
were the first to report on the efficacy of trans- 
vaginal ultrasound (TVS) guided follicular aspi- 
ration in women with PCOS [38]. Syritsa 
performed TVS-guided ovarian drilling using a 
specially designed monopolar needle, which has a 
polyester coating except the 2-mm tip [39]. More 
recently, Zhu and co-workers described TVS- 
guided ovarian interstitial YAG-laser-coagulation 
[40]. They introduced the YAG fibre through an 
egg-pickup needle (used for in-vitro fertilization 
[IVF]) into the ovarian substance under sedation 
to coagulate 3—5 points. Fernandez and co-workers 
described the use fertiloscopy to perform ovarian 
drilling [41]. Ramzy and co-workers injected 
warm saline (750C) into the ovarian stroma using 
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IVF pickup needle under TVS-guidance [42]. 
These early reports have shown encouraging 
results, although the efficacy and safety of these 
new techniques need to be adequately assessed 
before they can be recommended for clinical use. 
The main concern of any transvaginal approach 
applying any form of energy e.g., electrocautery 
or laser, is the risk of causing thermal injury to 
adjacent organs such as the bowel. Two severe 
adverse events have been reported following ferti- 
loscopic ovarian drilling [43]. 


Endocrine Effects of LOD 
Immediate Effects 


After LOD the main hormonal changes include a 
rapid and persistent fall of androgens (testoster- 
one & androstenedione) with a transient increase 
of gonadotrophins (LH and FSH) during the first 
24—48 h followed later by a gradual fall [26, 24, 
44-48]. Preliminary data suggest that insulin 
sensitivity and lipoprotein abnormalities associ- 
ated with PCOS are not improved by LOD [28]. 
In a previous study involving 50 women with 
anovulatory PCOS, we reported that serum 
inhibin B concentrations did not change after 
LOD [49]. This finding makes it unlikely that the 
action of LOD is mediated via inhibin B. 


Long-Term Effects 


Naether and co-workers demonstrated that the 
effects of LOD lasted for 6 years in most of the 
cases [37]. In another study, Gjonnaess showed 
that the endocrine effects of LOD seem to be 
stable for 18—20 years in 50 women with anovu- 
latory PCOS [50]. However, Elting and co- 
workers demonstrated that women with PCOS 
gain regular menstrual cycles as they become 
older [51]. It is therefore possible that the favour- 
able late endocrine effects demonstrated by 
Gjonnaess could be the effect of age rather than 
LOD. More recently and in order to investigate 
this further we compared the results of long-term 
follow-up of 116 women with anovulatory PCOS 
who underwent LOD with that of a comparison 
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group of age matched women (n=38) with 
PCOS, who did not undergo LOD. We confirmed 
the long-term beneficial endocrine effects of 
LOD. In addition, we showed that these long 
term endocrine improvements were produced by 
LOD rather than the effect of advancing age 
alone [52]. 


Clinical Outcome 
Short-Term Outcome 


A very rapid response has been reported follow- 
ing LOD in several studies, with ovulation occur- 
ring within 2—4 weeks and menstruation within 
4—6 weeks in the responders [45]. Recently, in a 
large randomised controlled trial involving 168 
CC-resistant PCOS women, Bayram and co- 
workers reported ovulation rate of 70 % per cycle 
and cumulative conception and livebirth rates of 
76 and 64 % respectively following LOD (see 
Table 6.2) [18]. 


Long-Term Outcome 


In a recent long-term follow-up study on 116 
women with anovulatory PCOS who underwent 
LOD, we reported that the improvement in men- 
strual cycles and reproductive performance 
seemed to last for many years in about a third of 
cases [53]. 


LOD and Assisted Reproduction 
Treatments 


Recently, there has been a growing body of evi- 
dence indicating that LOD prior to Assisted 
Reproduction Treatments (ART) may offer 
some benefits such as decreasing the risk of 
severe OHSS and improving the clinical preg- 
nancy rate in women with previous OHSS or pre- 
vious IVF cycle cancellation due to risk of OHSS 
[54-57]. The potential beneficial effect of LOD 
has been attributed to the postoperative reduction 
of ovarian blood flow velocity and serum vascular 
endothelial growth factor (VEGF) concentrations 
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[58-60]. However, none of the above studies was 
properly designed to address this issue adequately 
and the evidence should therefore be considered 
preliminary. Further data from adequately 
designed RCTs are required before adopting pre- 
ART LOD in clinical practice. 


Mechanism of Action of LOD 


The mechanism of action of LOD remains largely 
unexplained. It is likely that LOD exerts its 
effects via the destruction of androgen producing 
tissue in the ovary. The resulting decrease in cir- 
culating androgen concentrations may result in a 
fall in oestrone (E1) due to decreased peripheral 
aromatization of androgens. This fall in E1 may 
result in decreased positive feedback on LH and 
decreased negative feedback on FSH at the level 
of the pituitary. The resulting rise in serum FSH 
concentrations may result in increased aromatase 
activity within the follicles. This effect, coupled 
with a decrease in local androgen concentrations, 
would convert an androgenic intrafollicular envi- 
ronment to an oestrogenic milieu. This may 
remove an intraovarian block to follicular matu- 
ration, allowing follicular recruitment and devel- 
opment to proceed to subsequent ovulation. 

It has also been hypothesised that ovarian 
injury leads to the production of a number of 
local factors (e.g., IGF-1) which could affect the 
ovarian-pituitary feedback mechanism or sensi- 
tize ovarian follicles to circulating FSH [61]. 


Predictors of the Outcome of LOD 


We have previously investigated various clinical 
and biochemical factors that may predict the clini- 
cal outcome of LOD in 200 PCOS women [62]. We 
found that marked obesity (BMI>35 kg/m’), 
marked hyperandrogenism (testosterone >4.5 nmo/l 
or FAI>15) and/or long duration of infertility 
(>3years) seemed to predict resistance to LOD. We 
also reported that that high pre-operative LH 
concentration (>10 iu/l) in women who ovulated 
after LOD appeared to predict higher probability of 
pregnancy. Age, the presence or absence of acne, 
the menstrual pattern, LH: FSH ratio and ovarian 


68 


volume did not seem to influence the outcome of 
LOD [62]. In a more recent study, we have found 
circulating anti Miillerian hormone to negatively 
correlate with the clinical outcome of LOD. A 
serum AMH concentration higher than 7.7 ng/ml 
(measured by Immunotech, Beckman Coulter UK 
Ltd, High Wycombe, Buckinghamshire, UK) was 
found to predict poor outcome in PCOS women 
undergoing LOD [63]. 


Complications of Laparoscopic 
Ovarian Drilling 


Intra-operative complications of LOD are rare 
and include damage to the utero-ovarian liga- 
ment, bleeding from the ovary at the cautery 
points and thermal injury to the bowel. Post- 
operatively, the main drawback of LOD is iatro- 
genic adhesion formation. An incidence of 
30—40 % has been reported in various studies [30, 
32, 63-66]. Most studies reported only mild and 
moderate adhesions that do not seem to affect the 
pregnancy rate after LOD. Nevertheless, all pre- 
cautions should be taken to minimize adhesion 
formation. This can be achieved by minimizing 
thermal injury to the ovarian surface (as described 
above), ample irrigation and instillation of crys- 
talloid solution at the end of the procedure [65]. 
Another theoretical risk associated with LOD is 
premature ovarian failure possibly due to exces- 
sive destruction of the normal ovarian follicles or 
the inadvertent damage of the ovarian blood sup- 
ply. In our cohort of 116 patients with PCOS who 
were followed up for up to nine years after LOD, 
no case of premature ovarian failure was observed 
[52, 53]. This risk can be largely avoided by min- 
imizing the number of punctures made and by 
delivering the energy away from the ovarian 
hilum. 


Failure of Laparoscopic Ovarian 
Surgery 


Women are considered to have failed after LOD 
if they do not ovulate within 6-8 weeks, if they 
experience recurrence of the anovulatory status 
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after an initial response or if they fail to conceive 
despite regular ovulation for 12 months. For 
anovulatory patients, CC may be restarted. Many 
studies have demonstrated that LOD renders the 
ovaries more sensitive to CC [19, 44]. If the 
patient is still anovulatory on CC, the treatment 
options are: (a) gonadotrophin ovarian stimula- 
tion; (b) metformin, (c) IVF; or (d) repeat 
LOD. We have previously reported high success 
rates after repeat LOD in women who previously 
responded to their first LOD. On the other hand, 
repeat LOD was not effective in the previous 
non-responders [67] 


Conclusion 

Laparoscopic ovarian drilling has been widely 
accepted as the second line of choice for 
induction of ovulation in CC-resistant PCOS 
women in preference to gonadotrophin ther- 
apy. In addition to its proven efficacy, LOD 
offers several advantages over gonadotrophins 
such as avoiding multiple pregnancies and 
OHSS. Using a monopolar needle applied at 
right angle to the antimesentric surface of the 
ovary with penetration of the ovary to a depth 
of 7-8 mm at four points with a power setting 
of 30 W for 5 s per puncture seems to be an 
optimum approach that maximises effective- 
ness and safety. PCOS women could expect 
50-60 % pregnancy rates during 12 months 
following LOD. The role of LOD before ART 
remains to be adequately investigated. In addi- 
tion to the short term benefits of LOD, about 
one third women undergoing this surgery will 
continue to benefit for several years. 


Key Practice Points 

1. Laparoscopic ovarian drilling can be 
used as a second line treatment for clo- 
mifene resistant patients and has several 
advantages over gonadotropin therapy. 

2. Cumulative pregnancy rates following 
LOD are around 50-60 % 

3. 600 Joules of energy should be deliv- 
ered to each ovary (four punctures per 
ovary at 30 W for 5 s). 


6 


Laparoscopic Ovarian Drilling 


4. Avoid damage to the ovarian surface to 


minimise adhesion formation. 


5. Immediately after drilling, the ovary 


should be cooled with fluid irrigation to 
avoid thermal damage to the intestine. 


6. Women with high LH and lower levels of 


AMH respond better while women with 
marked obesity, marked hyperandrogen- 
ism and/or long duration of infertility are 
more resistant to LOD. 
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In recent years, cryopreservation of ovarian tissue 
in humans has emerged as a promising technique 
for fertility preservation in premenarchal chil- 
dren and adolescents, as well as an alternative in 
adult women prior to starting gonadotoxic 
chemo/radiotherapy. The prognosis and the sur- 
vival rates of cancer patients have improved tre- 
mendously as a result of recent advances in 
cancer treatment — particularly in childhood can- 
cers — and therefore attention is now being 
directed towards quality of life issues and the 
long-term gonadotoxic side effects of chemother- 
apy or radiotherapy. The incidence of ovarian 
failure is dependent on the agents used, the dose, 
and the age of the patient. 

Currently, there are several modalities for fer- 


(ii) 


by the husband, partner or donor, or are 
frozen as unfertilized gametes. This technol- 
ogy is in routine clinical use in IVF units 
throughout the world on a daily basis. 
Disadvantages include the need for hor- 
monal stimulation for 2—4 weeks, which 
may defer the anticancer treatment, its rela- 
tively high cost, and the relatively limited 
number of embryos produced and stored 
from a single stimulation cycle. If there is a 
need to undergo immediate anticancer treat- 
ment, this is not a viable option. 

Another option is obtaining immature 
oocytes (in non-stimulated cycles) for 
in-vitro maturation, subsequent embryo 
freezing or oocyte rapid vitrification. 


tility preservation and these are highly dependent (iii) Ovarian suppression prior to chemotherapy 
on the age of the woman. by GnRH analogues is of controversial sig- 
(i) Post-pubertal women requesting fertility nificance and its use should be considered in 
preservation prior to chemotherapy or radio- well-designed experimental protocols. 
therapy may be offered controlled ovarian (iv) Oophoropexy prior to radiotherapy (which 
stimulation for either oocyte cryopreserva- includes an operative procedure, mainly 
tion or in vitro fertilization (IVF) for embryo laparoscopy, to move ovaries out of the 
cryopreservation. With IVF, harvested pelvic radiotherapy field) is an appropriate 
oocytes are fertilized with sperm produced treatment for only a very few well-defined 
group of patients. 
(v) Ovarian tissue cryopreservation is a fertility 
preservation approach that can usually be 
M. Fatum, MD (È) * E. McVeigh, FRCOG performed immediately and without hor- 
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chemotherapy/radiotherapy with a high like- 
lihood of gonadotoxicity who cannot defer 
the anticancer treatment to undergoing IVF 
cycle. In this modality, functional ovarian 
cortical tissue is surgically excised from the 
ovary and frozen. Laparoscopy is usually 
performed to harvest ovarian tissue, fol- 
lowed by tissue processing and cryopreser- 
vation. Following recovery from the cancer 
treatment and when the patient is ready to 
proceed with fertility treatment, the ovarian 
tissue is thawed out and autotransplanted. 


Laparoscopic Ovarian Biopsy 
for Cryopreservation 


Indications 


The American Society of Clinical Oncology 
(ASCO) has published clinical practice guide- 
lines [1] to aid in gonadotoxicity estimation and 
define indications of fertility preservation in the 
different cancer diagnoses and treatment proto- 
cols. Similar guidelines have been published by 
International Society of Fertility Preservation 
(ISFP) [2]. These guidelines provide a clear basis 
for good clinical practice. 

Several factors should be taken into consider- 
ation when ovarian tissue cryopreservation is dis- 
cussed with these patients: patient’s age, patient’s 
oncologic prognosis and quality of life, fertility 
and obstetrical history, availability and afford- 
ability of other fertility preservation technolo- 
gies, explaining and understanding the meaning 
of success as per the most up-to-date data in the 
literature and counselling for the psycho-social 
perspectives. 

Every programme should have its own policy 
and inclusion and exclusion criteria for ovarian 
tissue cryopreservation. In our programme, we 
include females aged not more than 39 years of 
age and no less than 12 months old, with reason- 
able (>50 %) chance of surviving 5 years and a 
high (>50 %) risk of having ovarian function 
destroyed by therapy. Another important inclu- 
sion criterion is that the patient should be fit 
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Table 7.1 major paediatric patients groups included in 
the ovarian tissue cryopreservation programme in Oxford 


Whole abdomen and pelvic radiation greater or equal 
to 15 Gy in pre pubertal or 10 Gy in post pubertal girls 
especially in combination with any alkylating agents 


Craniospinal radiation 


Total Body irradiation as part of conditioning for bone 
marrow transplant 


High dose chemotherapy: 


Cyclophosphamide 120-200 mg/kg as conditioning 
for BMT 


Cyclophosphamide >5 g/m? 
Cisplatin 

Ifosfamide >60 mg/m? 
Melphalan 140-210 mg/m? 
Busulphan 8-16 mg/kg 
Thiotepa 

Procarbazine 
BCNU/CCNU 


enough to undergo general anaesthesia and 
surgery. Table 7.1 summarizes the paediatric 
groups included in our ovarian tissue cryopreser- 
vation programme. 

As programs progress and more clinical data 
becomes available, we believe that ovarian tissue 
cryopreservation will be increasingly offered to 
non-malignant diseases such as females at risk of 
premature ovarian failure: i.e. Turner syndrome, 
family history of premature ovarian insufficiency, 
benign autoimmune diseases requiring gonado- 
toxic chemotherapy or patients needing bone 
marrow transplantation for benign haematologi- 
cal diseases such as sickle cell anaemia and thal- 
assaemia major. 

Following referral it is mandatory to have a 
thorough pre-treatment consultation by a multi- 
disciplinary team that specializes in fertility 
preservation. This team should include an 
oncologist, a reproductive endocrinologist, a 
surgeon, specialized nurse and a paediatrician 
and social worker as required. The cancer diag- 
nosis, the chemotherapeutic agents and their 
doses, radiotherapy field and scattered radiation 
doses, as well as the patient’s age should to be 
taken into consideration before deciding on the 
need and the extent for the ovarian tissue 
cryopreservation. 
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Circular biopsies 


Fig. 7.1 Shows the different ovarian tissue harvesting 
options: biopsy, partial ovarian cortex resection, unilateral 
oophorectomy. The amount of the ovarian cortical tissue 


Preoperative Workup 


Preoperative workup of the patient is performed 
to exclude ovarian pathology and possible pelvic 
metastases (e.g. gynecologic ultrasonography, 
CT scans or MRI) [3]. During laparoscopy, a 
meticulous inspection of both ovaries is per- 
formed to look for malignancy [4—6]. Ovarian 
activity is measured by either measuring the 
antral follicular count by ultrasound scan or test- 
ing patient’s blood for ovarian reserve markers, 
i.e. Anti Mullerian Hormone (AMH) or Follicle 
Stimulating hormone (FSH). 

Ovarian cortical tissue harvesting is commonly 
performed as a laparoscopic procedure under gen- 
eral anaesthesia. Three or four entry puncture 
sites are used: 12 mm intraumbilical trocar , two 
5 mm trocars in the left and right iliac fossae. 
A fourth 12 mm suprapubic trocar can be used if 
oophorectomy is performed to allow atraumatic 
ovarian removal with an endobag. If open surgery 
is planned for the patient, ovarian biopsies should 
be taken at the time of the surgery. Other proce- 
dures requiring a general anaesthetic can be per- 
formed at the same time such insertion of Hickman 
catheter prior to starting chemotherapy. 

Ovarian biopsies are taken either with laparo- 
scopic forceps or scissors. It is important to mini- 
mize as much as possible the use of diathermy so as 
not to damage the ovarian tissue. If bleeding does 
occur, this is best controlled with small, precise 
mirco-bipolar diathermy. Care should also be taken 
to minimize trauma to the ovarian tissue and the 
prompt removal of the tissue to the laboratory team. 


Partial cortex removed 
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Oophorectomy 


harvested is tailored to the gonadotoxicity degree of the 
anti-cancer treatment and the ovarian size 


The ovarian cortical tissue size harvested or 
number of biopsies taken is dependent on the 
estimated gonadotoxic effects of the planned che- 
motherapy and/or radiotherapy regimen, varying 
from 20 biopsies (10 biopsies from each ovary) 
or 2 cortical strips measuring 15 mm long and 
5 mm wide taken from each ovary. When a high- 
risk chemotherapy or radiotherapy is planned and 
risk of premature ovarian failure is high (60- 
80 %), oophorectomy should be considered 
(Fig. 7.1). Ovarian tissue cryopreservation can 
also be combined with intraoperative retrieval of 
immature oocytes from the contralateral ovary in 
cases of oophorectomy or from both ovaries if 
only biopsies are taken. Retrieved oocytes are 
then subjected to in vitro maturation and cryo- 
preservation of either mature oocytes or embryos. 


Processing the Ovarian Tissue 


Preparation of the ovarian tissue, cryopreservation 
and thawing must ensure follicle viability and 
integrity of tissue compartments and cell-to cell 
contacts [7]. Two well-established methods can be 
used: rapid vitrification and slow freezing of finely 
dissected thin slices of ovarian cortex tissue [8-11]. 
Both freezing methods are acceptable with good 
survival rates and comparable tissue viability and 
morphology integrity rates. Several recent reports 
have shown improved outcomes after vitrification 
of ovarian tissue as compared to slow freeze tech- 
nique in preserving granulosa cells and ovarian 
stroma [12, 13]. However, until clinical outcome 
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data show improved outcome of the vitrification 
protocol, we think the slow freeze protocol should 
be adopted. In the upcoming sections the slow 
freeze protocol used in our Unit will be described. 


Ovarian Dissection 

The cooled ovary should be transported from the 
operating theatre to the laboratory within 30 min 
of procurement and then tissue processing is 
immediately commenced within a clean facility 
in the laboratory. Antral follicles are aspirated at 
the beginning and fluid is carefully assessed for 
the presence of oocytes. In addition, the remain- 
ing media left after ovarian tissue dissection is 
ideally given to embryologists at the end of the 
procedure to check for potential immature 
oocytes. If immature oocytes are found then they 
undergo in vitro maturation (IVM) and the resul- 
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tant mature eggs are vitrified. The ovary is 
immersed in a petri dish in cooled Leibovitz 15 
medium and is bi-valved using sterile scalpel 
and forceps or tweezers (Fig. 7.2). The inner 
medulla tissue is dissected away leaving the thin 
outer layer of the cortex that contains the 
majority of follicles [9, 14]. Our practice is to 
have two staff working together to minimise 
damage to tissue by reducing the overall pro- 
cessing time and reducing the length of isch- 
aemia before starting the freezing procedure. 
The cortical tissue slices are all trimmed to 
within a standard thickness of 1-2 mm to ensure 
that cryoprotectants adequately diffuse into the 
ovarian tissue during the cryoprotection proce- 
dure prior to freezing. In addition, after auto- 
grafting, thin slice grafts are more likely to 
survive the post transplantation ischemic stage, 


Fig. 7.2 Ovarian tissue processing in the laboratory as 
demonstrated for whole ovary removal. (a) The ovary is 
bi-valved. (b) The medulla is cut and carefully removed 


and the 1 mm thickness outermost cortex is achieved. 
(c) The ovarian cortex slices before freezing 
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by more efficient simple diffusion before neo- 
vascularisation and perfusion are adequately 
established [10, 15, 16]. The slices are then cut 
in small pieces of 1 mm width and 5 mm length. 
Other groups reported variable sizes of the slices. 
There seems to be no difference in results in the 
different sizes: the most critical factor is the slice 
thinness. Slices are then placed in fresh Leibovitz 
medium until cryoprotection. 


Quality Assessment (After Dissection) 

A standard practice in centres performing ovarian 
tissue cryopreservation is to perform routine tests 
to ensure primordial follicles are present in the 
ovarian tissue slices and that they are morphologi- 
cally normal. At this stage, these tests primarily 
include light microscopy examination to assess 
the percentage of primordial follicles found in 
fresh (or pre-processed) ovarian tissue slices [10, 
17-20]. Hence, a specimen should be taken dur- 
ing dissection from the ovarian cortex and sent off 
for histopathological evaluation by light micros- 
copy (x400 magnification) after fixation in 
Bouin’s solution and using haematoxylin/eosin 
staining to check for the presence of follicles and 
morphology of the tissue. Samples are also tested 
using standard trypan blue viability staining 
methodology. Another specimen is placed in 4 % 
formaldehyde and sent for pathological evalua- 
tion for the presence of malignant cells, prior to 
cryopreservation. Other samples are also taken 
and stored separately for post-thaw testing before 
reimplantation in the future. All histological tests 
are ideally performed by the same specialised 
consultant pathologist using the same protocols. 


Cryoprotection 

To minimise damage due to normally lethal 
intracellular ice crystal formation and build-up 
of extracellular salt concentration, the tissue is 
quickly transferred after dissection into test 
tubes containing 8 ml of pre-cooled cryoprotec- 
tant medium and labelled. We use a mixture con- 
taining 1.5 M penetrating cryoprotectant medium 
in order to dehydrate cells and increase solute 
concentration around the cells. We use the ethyl- 
ene glycol as an effective cryoprotectant for 
ovarian tissue as was shown in several works 
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[10, 11, 15]. The non-penetrating sugar, sucrose 
(0.1 M) is also added to the medium since it is 
known to act as an osmotic buffer and is an 
added precaution against excessive osmotic 
swelling during cryoprotectant removal and thus 
minimises freezing injury [21]. The tissue is 
incubated on a shaking plate at 2-8 °C for 
exactly one hour. Three to five tissue slices are 
then quickly transferred to cryovials with 1 ml of 
cooled cryoprotectant. The permeation of iso- 
lated cells with cryoprotectants is relatively fast, 
but diffusion through multicellular tissues such 
as ovarian cortical tissue slices is much slower 
i.e. exposure to cryoprotectant is prolonged to 
ensure adequate concentrations in the centre of 
the tissue. However, this has to be balanced with 
the fact that cells on the tissue surface may be at 
risk of excessive toxicity. Cryoprotection time 
periods should therefore be carefully stan- 
dardised and strictly adhered to. 


Freezing 

The freezing protocol of slow freezing has long 
been well established and optimised designs for 
ovarian tissue cryopreservation are very similar 
[3, 10, 14, 15]. As the temperature is cooled, ice 
crystals growth is initiated by ice crystal nucle- 
ation induction (i.e. ‘seeding’). As the crystals 
grow the water in the solution is turned to solid 
state, increasing the solute concentration and this 
draws water out of the cells [22]. More water can 
be incorporated into ice at lower temperatures but 
the rate at which water can leave a cell also falls as 
temperature is lowered. The effectiveness there- 
fore depends upon equilibrium between the rate at 
which water can leave a cell and the rate at which 
it is converted into ice. The rates used by our pro- 
gramme classically involve an initial cooling rate 
of approximately —2 °C/min down to —9 °C with 
then a hold for 15 min to perform ‘seeding’. We 
achieve this by using long handled metal forceps 
dipped in liquid nitrogen and gripping the cryovi- 
als at the meniscus. This is followed by a 5 min 
soaking hold period. Then a slower rate of cooling 
—0.3 °C/min is programmed to reduce tempera- 
ture down to —40 °C. The final stage of the freez- 
ing program is a faster cooling stage of —10 °C/ 
min down to —140 °C. All tissue is frozen in the 
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same programmable Sylab freezer (Ice Cube) 
using the same program. 


Storage 

The cryovials containing the tissue are then sealed 
inside an additional sterile cryogenic bag, which 
is labeled and placed in a protective cardboard 
box and then transferred to liquid nitrogen storage 
into the predetermined quarantine rack position. 
Many establishments then plunge their ovarian 
tissue directly into liquid nitrogen, however, we 
prefer to store tissue in vapour phase nitrogen (at 
approximately —170 °C) rather than in liquid 
nitrogen (at —196 °C ) in order to minimise risk of 
cross-contamination of tissue packaging from 
bacteria or viruses surviving in the nitrogen tank 
[23]. This does not affect the quality of tissue stor- 
age, since below —130 °C, the glass transition 
temperature of water, no biological or physical 
changes take place and therefore below this tem- 
perature tissue may be safely stored [22]. 


Thawing Out 

Thawing techniques are a standard amongst the 
different ovarian processing units [10]. The rapid 
thawing process is performed within the clean 
room facility in the laboratory whilst the patient is 
in operating theatre in order to minimise ischaemic 
time. The relevant cryovials are removed from the 
nitrogen storage freezer and held in air for 30 s. 
The cryovial is then placed in a water bath at 30 °C 
for 3 min. The cryovial is then transferred to the 
cleanroom microbiological safety cabinet for 
three-stage serial dilution of the ethylene glycol, 
each stage taking 5 min and performed on a shaker 
at room temperature. The ovarian slices then 
remain in a test tube with a final mixture of 1 ml 
sucrose, 1 ml serum substitute supplement and 
8 ml Leibovitz medium. The same protocol is also 
used for all specimens used for testing. 


Post Thawing 
Quality Assessment 


Specimens of the ovarian cortex are thawed out 
approximately 1 month prior to the planned auto- 
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transplantation using the same protocol as for tis- 
sue slices for clinical use. They are then sent off 
for the same histopathologic evaluation of the 
presence, viability and morphology of follicles as 
was performed following dissection, involving 
the same histological techniques and trypan blue 
staining [17-20]. Published studies consistently 
show there is only minimal difference between 
results for fresh and for frozen-thawed tissue [10, 
17]. The number of follicles counted, however, 
will depend upon age of donor [17, 22] and 
whether any previous treatment of chemo- or 
radiotherapy has been given prior to procurement 
of ovarian tissue. 


Screening for Micrometastases 

The major concern with ovarian tissue banking is 
the possibility of re-seeding a tumour, harboured 
within the ovarian slices, after auto-grafting the 
frozen thawed tissue slices. Tissue samples are 
therefore carefully screened for the presence of 
malignant cells (micrometastases) by histology 
and specific immunohistochemical or molecular 
tests such as polymerase chain reaction (PCR) 
testing and real-time PCR to detect molecular 
markers that would indicate presence of cancer 
cells [3, 6, 24]. The various tumours are catego- 
rised into three groups according to their risk of 
ovarian micro-metastasis [6, 25] and this should 
be taken into account upon the initial consulta- 
tion as part of informed consent. Testing should 
be performed approximately 1 month prior to 
planned transplantation using the up-to-date 
licensed methods available at the time of re- 
implantation, thus taking advantage of the fact 
that diagnostic methods for detecting minimal 
residual disease are likely to be improving with 
time. When tissue shows evidence of malignant 
cells (i.e. any positive test result) , the patient is 
advised against future auto-transplantation of 
ovarian cortical tissue slices. Instead, in the future 
these patients may benefit from later advances 
and possible breakthroughs in the field of In Vitro 
Maturation (IVM) of ovarian tissue, in vitro mat- 
uration of follicles or isolated follicle transplan- 
tation, which probably do not pose any risk to 
transmission of tumour cells [26]. A combined 
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immature oocyte recovery for IVM, in addition to 
the ovarian tissue cryopreservation may be of 
critical importance in these patients. 


Auto-transplantation 


Auto-grafting of the tissue is done when the 
patient is in remission and old enough and ready 
to start a family. The tissue is commonly trans- 
planted in the orthotopic position 
(i.e. into its natural site such as the ovarian hilum 
or medulla or nearby structures such as the broad 
ligament or the pelvic sidewall). This has been 
shown to offer the potential for spontaneous 
pregnancy without the need for primary and 
immediate resort to IVF [10, 15, 27-29]. 
Alternatively, heterotopic transplantation (e.g. 
non-native ectopic location such as the arm or 
abdomen) has certain advantages [9, 30, 31] such 
as easier follicular monitoring and egg retrieval 
for IVF as well as a closer monitoring for cancer 
recurrence following auto-grafting. Nevertheless, 
orthotopic transplantation has been shown to 
result in less follicle loss and more effective 
revascularisation and is believed to be more 
effective [31]. Orthotopic autotransplantation can 
be performed either by laparotomy or laparos- 
copy. Some advocate [32] performing it in two 
stages: in the first stage laparoscopy is performed 
7 days before the re-implantation procedure, aim- 
ing at creating a peritoneal window at the ovarian 
hilum, broad ligament or the pelvic sidewall. The 
goal of this procedure is to induce neovascular- 
ization and the formation of granulation tissue in 
the area where the ovarian slices are to be re- 
implanted. It is believed that by this neoangio- 
genesis, the ischemic phase after the 
transplantation is shorter. A second stage laparos- 
copy follows after about a week during which the 
ovarian slices are transplanted into the peritoneal 
furrow. The slices can either be sutured to the 
ovarian medulla or left unsutured into the perito- 
neal window. Pregnancies were reported after 
auto-grafting of varying sizes of ovarian slices 
[33] as well as after micro-organ transplantation 
of thinned ovarian slices [15]. 
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Outcome of Frozen-Thawed 
Ovarian Tissue Autotransplantation 


To date more than 30 pregnancies have been 
reported after autotransplantation of ovarian cor- 
tical tissue slices mainly after orthotopic but also 
after heterotopic reimplantation [33]. From 
reviewing the accumulative experience as 
reflected in the different case series and case 
reports published so far, it is noted that it takes 
3.5-6.5 months on average after autografting of 
the ovarian tissue until signs of endocrinologic 
activity (a rise in estradiol levels and a drop in 
FSH levels) and folliculogenesis (as observed in 
ultrasound scanning) are detected. Restoration of 
ovarian activity is observed in 93 % of patients 
after autografting. The post-transplantation preg- 
nancies reported thus far included natural con- 
ceptions, ovulation induction cycles and IVF 
cycles [33]. The average duration of ovarian 
function after transplantation is 4-5 years [33, 
34] and is mainly dependent on the ovarian 
reserve before the harvesting and the absence of 
chemotherapy before cryopreservation. These 
promising results strongly suggest that ovarian 
tissue cryopreservation is a viable fertility preser- 
vation option that should be part of any oncofer- 
tility programmes. 


Challenges with Ovarian Tissue 
Preservation 


Restoration of ovarian function with hormone 
production and follicular growth has been 
observed after transplantation of frozen—thawed 
ovarian tissue [30, 35-38], and more pregnancies 
and livebirths are increasingly reported [32-34]. 
However, efforts are still needed to develop and 
optimize harvesting and grafting procedures to 
increase the success rates. A large percentage of 
the grafted follicles are lost as a result of post- 
grafting ischemia before efficient neoangiogene- 
sis networks are established. In addition, 
reperfusion-induced damage might contribute to 
this loss [39-41]. It is estimated that more than 
50 % of primordial follicles are lost following 
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ovarian transplantation due to ischemia. It takes 
4-5 days for neoangiogenesis to result in ade- 
quate perfusion and reoxygenation of the grafts. 
This delay in graft perfusion and reoxygenation 
is believed not only to lead to follicle loss, but 
also to dysregulated communication and asyn- 
chrony between granulosa cells and oocytes [42— 
44]. Basic biomedical research studying 
revascularisation of the grafts may prove impor- 
tant in improving the technique by reducing the 
ischemia period until the reconstitution of effi- 
cient vascularization and perfusion. This can 
possibly be done by delivery of angiogenic fac- 
tors like VEGF or by preparing the vascular bed 
prior to autografting procedure [33, 45—47]. 

A second important issue is the burnout effect, 
in which a relatively large amount of follicles are 
recruited and over activated as a result of reduced 
inhibitory mechanisms, such as those mediated 
by AMH. It has been shown that recovered grafts 
have higher ratios of growing to total follicles 
and higher levels of proliferation staining than 
non-transplanted control tissue [48], and this 
phenomenon was demonstrated to a greater 
degree in thinner grafts. It is hypothesized that 
disruption of the ovarian homeostasis as a result 
of the removal of follicles from their normal 
physiological environment together with the 
absence of larger follicles in the auto-grafted 
ovarian cortical strips result in a decrease in the 
production and secretion of the inhibitory signal- 
ling factor AMH , consequently leading to folli- 
cle activation and burnout [48]. More basic 
biomedical studies are needed to thoroughly 
understand the molecular basis and mechanisms 
involved in the burnout phenomenon and its rela- 
tive role in graft function and lifespan. 

Thirdly, some studies have demonstrated a 
risk of possibly transmitting malignant cells pres- 
ent in the cryopreserved tissue back to a patient’s 
body [3, 49]. Hence, one of the most important 
concerns of ovarian tissue cryopreservation is the 
re-seeding and relapse of a tumour. The ovarian 
tissue micrometastases risk of the different types 
of cancers and their stages is classified into three 
groups: (a) the low to no risk group — e.g. Non- 
Hodgkin’s lymphoma, breast cancer stage I-III, 
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Ewing’s sarcoma (b) the moderate risk group— 
e.g. Breast cancer stage IV, infiltrative lobular 
colon cancer, upper GI system malignancies, and 
(c) the high risk group- e.g. Leukemia, Burkitt’s 
lymphoma and Neuroblastoma. 

The risk that the post-thaw tissue from these 
patients may re-seed malignant cells of the pri- 
mary tumour into the cured patient as a result of 
transplantation, should be ruled out prior to the 
autotransplantation as discussed above. 

The in-vitro culturing and growth of imma- 
ture follicles derived from ovarian slices col- 
lected prior to commencement of cancer 
treatment is an important direction for research 
to avoid the need for autografting in patients at 
high risk of cancer reseeding. The purpose of the 
in-vitro human follicle growth system is to 
mimic the in vivo process by sequentially pro- 
viding follicles with the necessary levels of the 
important growth factors and hormones at the 
right time, which can allow follicular growth and 
oocyte maturation through maintaining the 
essential connections between the two compo- 
nents of the follicle compartment [50, 51]. 
Successful in-vitro culturing and maturation of 
the ovarian tissue or isolated follicles to produce 
mature follicles and competent oocytes that 
could be subsequently fertilized to produce 
embryos would provide a safe fertility preserva- 
tion option. Currently this field is the target of 
intensive research and in the foreseeable future it 
cannot be offered to patients 


Conclusion 

Ovarian tissue cryopreservation is a feasible 
option to preserve ovarian function and future 
fertility in children, premenarchal girls as well 
as young women before they undertake 
gonadotoxic chemotherapy and/or radiother- 
apy. To date more than 30 pregnancies have 
been reported after autotransplantation of 
ovarian cortical tissue slices in young women. 
However, there are still several challenges to 
meet and further intensive research is needed 
to assess the clinical effectiveness of ovarian 
cryopreservation, to optimise the technique 
and increase its safety. 
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Key Practice Points 

1. Ovarian tissue cryopreservation can 
offer an alternative to ovarian stimula- 
tion and oocyte harvesting when cancer 
treatment cannot be delayed. 

2. Recent evidence suggests that vitrifica- 
tion may be superior to slow freezing of 
ovarian tissue. 

3. Thawed ovarian tissue should be tested for 
micrometastasis prior to transplantation. 

4. Transplantation of ovarian tissue may 
be orthotopic or heterotopic. 
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Part IV 


Uterine Fibroids 


A. Amoako and Bolarinde Ola 


Uterine fibroids, also commonly referred to as leio- 
myomas or myomas are the most common gynae- 
cological benign tumours in women of reproductive 
age [1, 2]. These tumours range in size from small 
pea sized lesions to several centimetres and arise 
from the monoclonal smooth muscle cells of the 
uterine myometrium. The vast majority of fibroids 
are asymptomatic but symptomatic fibroids can 
cause significant morbidity in women and affect 
their quality of life [3, 4]. Symptomatic fibroids are 
generally associated with numerous clinical prob- 
lems including menstrual bleeding disorders, anae- 
mia [5] and pelvic pain. 

In addition, uterine fibroids may cause repro- 
ductive disorders such as infertility, miscarriage 
and other adverse pregnancy outcomes such as pre- 
term labour, fetal malpresentation, increased need 
for caesarean section, and postpartum haemor- 
rhage [6, 7]. Fibroids may outgrow their blood sup- 
ply and undergo red degeneration or pedunculated 
fibroid may undergo torsion and present as acute 
pelvic pain. There is a wide variation in the reported 
disease prevalence due to differences in experi- 
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mental design. Symptomatic fibroids are reported 
to be apparent in 20-25 % of reproductive-age 
women and up to 50 % of women will have clini- 
cally detectable disease by the age of 50 years [8- 
11]. Incidence of uterine fibroids increases with 
advancing age and the lifetime cumulative inci- 
dence of uterine fibroids is estimated to be in the 
region of 70-84 % [12, 13] from both pathologic 
examination of hysterectomy specimen and in 
post-mortem studies [14, 15]. 

Ethnicity, race, genetic, epigenetic and 
environmental factors, including lifestyle and pos- 
sible socioeconomic parameters play significant 
role in the development, progression and clinical 
manifestation of uterine fibroids [16]. The inci- 
dence of uterine fibroids is highest in black women 
who are disproportionately more affected than any 
other racial group with a cumulative incidence 
four times higher compared to Caucasians [1, 17— 
20]. Black women also tend to have multiple and 
large fibroids and experience very severe symp- 
toms, including heavy or prolonged menses [2, 3, 
20]. Other implicated predisposing environmental 
and lifestyles factors include age, early age of 
menarche, age at first birth and nulliparity. 


Pathogenesis 


Molecular mechanisms responsible for the abnor- 
mal myometrial cellular proliferation and differ- 
entiation to uterine fibroids remain incompletely 
understood, and this has prevented the development 
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of specific therapies and early intervention or 
prevention strategies to avoid progression [16, 
21]. Recent advances in research and improved 
molecular biology techniques have provided some 
insights into the biological and genetic origins of 
uterine fibroids [22]. Genetic [23, 24] and epigen- 
etic [25], hormonal and environmental contribu- 
tions to the development and progression of the 
disease are currently being explored. Cytokines, 
chemokines, extracellular matrix components [26] 
growth factors [14, 26, 27] and oxidative stress 
[28] have all been implicated in the development 
and growth of uterine fibroids [27, 29, 30]. 

Uterine fibroids are sex hormone dependent 
tumours and complex interactions of oestrogen, 
progesterone and growth factors have been pro- 
posed. Oestrogen has been considered as the major 
promoter of fibroid growth but recent biochemical, 
histologic, and clinical evidence suggest that pro- 
gestins and progesterone receptors play an equally 
important growth of fibroids by modulating 
mitotic activity of uterine fibroids [31]. Fibroid tis- 
sues have high level of expression of aromatase 
activity which suggests uterine fibroids are capa- 
ble of local oestrogen production [32]. 


Diagnosis 


The diagnosis of uterine fibroids is usually made 
based on history and a clinically palpable enlarged 
and irregular uterine mass on pelvic examination. 
Ultrasound evaluation of uterine fibroids remains 
the most useful imaging modality and gold-stan- 
dard and is employed to accurately assess the 
number, size and location of the fibroid prior to 
treatment [33-35]. Ultrasound has high sensitivity 
(90-100 %), good specificity (87-98 %), positive 
predictive value (81—93 %) and negative predictive 
value (98-100 %) [33, 36] in the diagnosis of uter- 
ine fibroids. 

Both transvaginal and transabdominal 
approaches should be employed in order not to 
miss large fibroids [37]. Ultrasound may be com- 
bined with Fluid-contrast (Sonohysterogram) to 
provide precise localisation and further delinea- 
tion of submucous and intramural lesions when 
the relationship between the fibroid and the uter- 
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ine cavity is unclear. Hysterosalpingogram may 
also reveal submucous fibroids as filling defects 
and hysteroscopy offers direct visualisation of 
the uterine cavity although this is rarely needed 
when the uterine cavity appears normal on ultra- 
sound and/or hysterosalpingogram [38, 39]. 
Rarely, Magnetic resonance imaging or CT scan 
may be employed to overcome the technical limi- 
tations of ultrasound in mapping and characteri- 
sation of multiple uterine fibroids [40]. 


Classification 


Fibroids generally arise from the muscle layer of 
the uterus but as they grow, they may be confined 
within the muscle layer, extend outwards beyond 
the serosal layer or inwards to encroach into the 
endometrial cavity. Classification of fibroids [41] 
is generally based on their anatomical location 
relative to the layers of the uterus as submucous, 
intramural and subserous (Fig. 8.la—d) [42]. 
A more detailed classification of submucous 
fibroids is discussed in a later chapter. 


Fibroids and Infertility 


The incidence of uterine fibroids increases with 
age and therefore with the current trend of delay 
in childbearing in our society, women who wish 
to conceive are more likely to present with uter- 
ine fibroids. It is currently estimated that uterine 
fibroids may be associated with 5-10 % of infer- 
tility cases [43] and possibly may be the sole 
cause in 1-3 %. But the question as to whether 
uterine fibroids actually cause infertility or sim- 
ply an association has always been a matter of 
intense debate [44]. The relationship between 
uterine fibroids and infertility remains a single 
controversial and critically debated issue in 
reproductive medicine and counselling of 
patients sometimes is challenging [40, 45, 46]. 
The uncertainty remains as to whether uterine 
fibroids can be the sole cause of infertility or 
become prevalent in the infertile population as a 
result of aging which in itself is an independent 
risk factor [47]. 
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Fig. 8.1 Different types at laparoscopy. (a) Anterior 
intramural fibroid. (b) Posterior intramural fibroid. (c) 
Posterior (sessile) subserous fibroid. (d) Posterior 


Several biological mechanisms have been pro- 
posed to support the causal relationship between 
uterine fibroids and infertility. The presence of 
uterine fibroids may interfere with fertility by 
causing altered and dysfunctional uterine contrac- 
tility [48, 49], anatomical distortion of uterine 
shape and endometrial cavity, cervix and fallopian 
tube impairing sperm migration [50, 51], ovum 
transport or embryo implantation [8, 50, 52, 53]. 
Fibroids may also cause disturbances in the endo- 
metrial vascular supply and altered endometrial 
development and receptivity [49, 54—56]. Fibroids 
may also cause local thinning of the endometrium 
and atrophy [57], endometrial inflammation, 
secretion of vasoactive substances, or changes in 
the endometrial hormonal milieu creating a hos- 
tile environment and impairment of sperm trans- 
port and embryo implantation (Fig. 8.2a, b) [8, 53, 
58, 59]. Fibroids located near the cervix or tubal 
ostia may mechanically impair sperm migration 
and ovum retrieval by the fallopian tubes [60]. 


pedunculated subserous fibroid. (Photos Courtesy of Prof 
Y. S. Zhong, Guangzhou, China) 


Despite the plausible molecular mechanisms 
supporting a causal relationship between uterine 
fibroids and infertility [61], reports of clinical 
association from several studies have been incon- 
sistent and controversial. High quality, properly 
designed randomised controlled studies are lack- 
ing [62] restricting the literature on the causal 
relationship between uterine fibroids and fertility 
to evidence from small case-control and cohort 
studies which have given conflicting reports of an 
association [12]. These studies are of poor scien- 
tific quality, poorly designed, fraught with selec- 
tion biases and mostly underpowered [12, 63]. 

The difficulty in designing a high quality con- 
trolled trial results from several confounders such 
as variable presentation of the disease, variable 
methods of diagnosis and classification and lack 
of precise anatomical and functional definition of 
uterine fibroids [40]. In addition, the majority of 
these studies were retrospective and most studies 
did not control for important confounders 
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Fig. 8.2 (a, b) Effects of large intramural fibroid on the endometrium (before and after myomectomy) 


influencing IVF outcomes such as age and num- 
ber of previous cycles [40, 63, 64]. The relative 
effect of uterine fibroids located near the cervix or 
fallopian tube, multiple and different sized 
fibroids on fertility has not been accounted for in 
any of the studies exploring association of uterine 
fibroids and fertility although these variables are 
more likely to be important causative factors [65]. 

Whereas some meta-analyses have not shown 
any association between uterine fibroids and 
infertility [62, 66], more recent ones show clear 
evidence. The most recent meta-analyses which 
included 19 studies reported a relative risk of 
pregnancy and live birth in women with fibroids 
of 0.85 [95 % confidence interval (CI): 0.77-0.94, 
P=0.002] and 0.79 (95 % CI: 0.70-0.88, 
P<0.0001), respectively [64]. The impact of 
fibroids on fertility is largely determined by the 
location in relation to the uterine layers and size 
[65, 67-69]. Submucosal fibroids, intramural 
fibroids and subserosal fibroids impact on fertility 
in order of decreasing relative importance. 
Submucous fibroids reduce treatment outcome 
[70-72] as well as increased risk of pregnancy 
loss [8, 73] in IVF/ICSI cycles. 

The weight of evidence shows the submucous 
fibroids have the most significant adverse effect 
on fertility by decreasing implantation rate and 
increase the risk of miscarriage in both spontane- 
ous and assisted reproduction cycles [66, 74, 75]. 
A systematic review found submucosal fibroids 
had the strongest association with lower concep- 
tion and ongoing pregnancy rates with an odds 


ratio, 0.5; 95 % confidence interval, 0.3—0.8 [46]. 
Results from several studies show increased in 
the probability of spontaneous pregnancy, reduc- 
tion in the risk of miscarriage as well as marked 
improvement in IVF outcome [71, 76-78] after 
hysteroscopic resection of submucous fibroids. 
Clinicians also agree that subserosal fibroids 
are generally insignificant and do not exert any 
adverse impact on fertility. The risk of surgical 
removal of isolated subserosal fibroids in an oth- 
erwise asymptomatic infertile patient may out- 
weigh any benefit and currently, there is 
insufficient evidence to support myomectomy for 
subserosal fibroids to improve fertility [79]. The 
impact of intramural fibroids on fertility is more 
controversial and is discussed in a later chapter. 


Principles of Management 


The decision as to whether or not to intervene for 
fibroids for the sake of improving fertility is not 
always a straightforward decision and will depend 
on many factors, including the type, site, size and 
number of fibroid(s) as well as patient characteris- 
tics such as age and cause of infertility. 


Medical Management of Uterine Fibroids 
Medical treatment of fibroids is mainly restricted 


to their effect on short term symptomatic relief 
of menstrual disturbances and pain and for 
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preoperative treatment of fibroids to reduce vol- 
ume or correct anaemia but not as a stand alone 
treatment for fibroids associated with infertility. 

GnRH agonists can be used for pre-operative 
correction of anaemia in severely anaemic patient 
or to reduce uterine/fibroid volume and to enable 
minimally invasive surgical approach as well as 
reduction in peri-operative blood loss [9]. They 
suppress the hypothalamic-pituitary-ovarian axis 
by inhibiting release of FSH and LH resulting 
in decreased oestrogen production. In addition, 
GnRH agonists also directly inhibit expression 
of aromatase P450 activity in the cells of the 
fibroid inhibiting local oestrogen production 
[80]. GnRH agonist treatment causes conflu- 
ent nodular hyaline degeneration and hydropic 
degeneration necrosis of the fibroids [57, 81-83]. 
Administration of GnRHa for 3 months has been 
shown in various studies to significantly reduce 
the volume of fibroid by about 35-65 % [84] and 
induces amenorrhea significantly reducing symp- 
toms in the short term. 

The selective progesterone receptors modula- 
tor (SPRM) ulipristal acetate is currently being 
investigated for its role in the treatment of 
fibroids. A placebo controlled randomised con- 
trol trial has shown that 91 and 92 % of women 
taking 5 and 10 mg of ulipristal acetate daily 
respectively for the symptomatic treatment of 
fibroids had significant reduction in uterine 
bleeding compared to 19 % in women taking pla- 
cebo [85]. Another study comparing ulipristal 
acetate to GnRH agonist shows that ulipristal 
acetate (at both 5 and 10 mg) had comparable 
clinical outcomes and reduction in fibroid vol- 
ume when compared to once-monthly injections 
(3.75 mg) of the GnRHa leuprolide acetate [86] 
an effect which persist up to 6 months of discon- 
tinuation of treatment [86]. The down side of 
these agents is the associated altered endometrial 
changes, the long term significance of which is 
not yet known. 

Aromatase inhibitors have also been explored 
in the treatment of uterine fibroids. The use of 
aromatase inhibitors is based on their role in 
inhibiting aromatase p450 activity which is 
highly expressed in the fibroid tissue. A 3 month 
course of the aromatase inhibitor letrozole 5 mg 


daily has been shown in a prospective study to 
significantly reduce fibroid volume and improve 
fibroid associated symptoms but unlike GnRH 
agonist, does not affect bone mineral density 
[87]. A more recent randomised controlled trial 
showed that letrozole at 2.5 mg/day reduced 
fibroid size by 45.6 % versus 33.2 % compared 
with GnRH agonist triptorelin [88]. A Cochrane 
review did not find any evidence to support the 
use of aromatase inhibitors in the treatment of 
symptomatic uterine fibroids [89]. 


Myomectomy 


Myomectomy can be performed through the tra- 
ditional abdominal route or a minimally invasive 
laparoscopic approach for intramural and subse- 
rosal fibroids whilst submucousal fibroids can be 
effectively resected hysteroscopically [62]. These 
surgical techniques are discussed in detail in the 
following chapters. 

A more novel approach to myomectomy is 
that of Robotic-assisted surgery designed as an 
alternative to overcome the technical limitations 
of conventional laparoscopic myomectomy [90- 
92]. The surgeon uses a robotic system to control 
the instruments for laparoscopic instead of direct 
handling [93]. The main advantages of the robotic 
system compared with the traditional laparo- 
scopic approach to surgery is improved ergonom- 
ics and precise vision [94]. The use of the robotic 
system offers the technical advantages of ability 
to remove large and more difficult uterine fibroids 
as well as improved closure of the myometrium 
compared with the conventional laparoscopic 
myomectomy [94]. Both robotic assisted laparo- 
scopic myomectomy and traditional conventional 
laparoscopic myomectomy have been shown in 
several studies to reduce intraoperative blood 
loss, lower rate of postoperative adhesions and 
shorter hospital stay compared with laparoscopic 
and abdominal myomectomy [95-100]. Robotic- 
assisted laparoscopic myomectomy and abdomi- 
nal myomectomy have comparable effectiveness 
in the symptomatic treatment of uterine fibroids 
[100]. Robotic-assisted laparoscopic myomec- 
tomy however is associated with greater residual 
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fibroids when measured 12 weeks after surgery 
[100]. The major drawbacks of robotic-assisted 
laparoscopic myomectomy are the high cost of 
disposable instruments [101, 102] and the 
increased duration of operating time and the 
depth of surgical expertise required [103]. 

Long term pregnancy outcomes such as 
chances of conception, miscarriage rates and 
perinatal outcomes after robotic-assisted laparo- 
scopic myomectomy have not yet been reported 
in large prospective series [104]. A small prospec- 
tive observational study has quoted a conception 
rate of 69 % after robotic-assisted laparoscopic 
myomectomy [105]. A recent large multicentre 
retrospective study of 127 pregnancies showed 
that pregnancy outcomes are similar to the 
conventional laparoscopic myomectomy with 
Spontaneous miscarriage rate of 18.9 % (95 % CI 
13.0, 26.6), Preterm delivery prior to 35 weeks of 
gestational age occurred in 17.4 % (95 % CI 10.9, 
26.5) and 1.1 % risk of uterine rupture (95 % CI 
0.3, 4.7) [106]. A large, well-designed prospective 
controlled study is needed to further ascertain fer- 
tility rates and pregnancy outcomes after robotic- 
assisted laparoscopic myomectomy. 

A Cochrane review of two trials involving 158 
participants found no evidence of benefit of 
safety and effectiveness of robotic-assisted lapa- 
roscopic surgery compared with conventional 
laparoscopic surgery for benign gynaecological 
diseases. Both conventional and robotic-assisted 
laparoscopic surgery for benign gynaecological 
diseases have comparable rates of conversions to 
open surgery as well as intraoperative outcome, 
complications, length of hospital stay and quality 
of life. Robotic laparoscopic surgery however, is 
associated with longer operation time higher cost 
compared with the laparoscopic surgery [107]. 


Other Treatment Modalities 


In recent years, several other treatment modali- 
ties alternative to medical and surgical have 
been described in the management of symp- 
tomatic fibroids. These include bilateral uterine 
artery embolisation, laparoscopic or magnetic 
resonance imaging-guided cryomyolysis and 


A. Amoako and B. Ola 


magnetic resonance imaging guided focused 
ultrasound surgery and laparoscopic uterine 
artery ligation. Promising reductions in fibroid 
size and control of symptoms have been reported 
with these techniques but more data are neces- 
sary particularly regarding their effect on future 
fertility [84, 108-112]. 

Cryomyolysis is a new minimally invasive 
treatment modality for symptomatic fibroids 
[113, 114]. Liquid nitrogen is passed through a 
cryoprobe inserted directly into the uterine 
fibroid to create a temperature below —90 °C 
within the fibroid which results in the formation 
of an ice ball within the fibroid and subsequently 
undergoes necrosis. Cryomyolysis has been 
shown in studies to be an effective method of 
treatment for symptomatic fibroids [115, 116]. 
Traditionally, cryomyolysis has been performed 
by laparoscopy but in recent years, MRI-guided 
cryomyolysis has been used as a more precise 
and less invasive alternative to laparoscopic cryo- 
myolysis. MRI-guided cryomyolysis has the 
added advantages of direct visualisation of the 
ice ball, monitor and maintain the temperature at 
the periphery of the ice ball at 0 °C to prevent 
damage to the surrounding structures [116, 117]. 
A mean fibroid volume reduction of 50—62 % and 
significant improvement in symptomatology 
have been reported [118]. The impact of cryomy- 
olysis on fertility has not been evaluated but data 
from a small series of 9 women showed fertility 
may remain preserved [119]. The procedure 
should therefore not be recommended for women 
who desire future fertility. 

MR-guided Focused Ultrasound (MRgFUS) 
is a new addition to the newer, more effective, 
minimally invasive methods of treating symp- 
tomatic fibroids. Under MRI guidance, high- 
intensity focused ultrasound is targeted on the 
fibroid to create thermal energy to precisely 
ablate fibroids and tissues within the focal zone 
sparing tissues within 2—3 mm of the focal zone. 
The technique utilises an abdominal transducer 
which is placed on the patient’s abdomen and the 
ultrasound energy focused to destroy fibroids 
within the focal zone. Apart from permitting 
direct visualisation of the fibroid, the MRI also 
records the temperature generated and precisely 
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demarcate the normal and destroyed tissues. This 
technique has shown encouraging result in the 
treatment of symptomatic fibroids [120]. 

Apart from isolated case reports of successful 
pregnancies, the only report on pregnancy out- 
come in the literature at present is a small series 
of 54 pregnancies in 51 women after MRgFUS 
which suggested that post procedure normal 
pregnancy outcomes and deliveries are possible. 
The mean time to conception post-procedure was 
8 months with a 41 % live birth rate, 28 % spon- 
taneous miscarriages and 64 % vaginal deliver- 
ies. Eleven percent had elective termination of 
pregnancies and 28 % of spontaneous miscar- 
riage after MRgFUS for the treatment of uterine 
fibroids [120]. Although the preliminary results 
are reassuring and viable intrauterine pregnancy, 
with a full-term vaginal delivery, the impact of 
this treatment modality on fertility has not been 
fully assessed and hence patients with desire for 
further fertility should receive appropriate coun- 
selling prior to embarking on treatment. In addi- 
tion, the role of MRgFUS for enhancement of 
fertility in women with non hysteroscopically 
resectable uterine fibroid distorting the uterine 
cavity should be investigated further [120-125]. 

Laparoscopic uterine artery ligation is a fertil- 
ity conserving, minimally invasive treatment 
option for symptomatic uterine fibroid performed 
as a laparoscopic procedure with very fewer asso- 
ciated complications and side effects. Significant 
reduction in fibroid volume have been reported 
with preservation of uterus and ovarian blood sup- 
ply to permit possible pregnancy [126]. A study 
comparing this treatment approach to the more tra- 
ditional uterine artery embolization found a slight 
reduction in fibroid at 3 and 6 months with an 
average volume reduction of 58 % [127]. 

Although the possibility of pregnancy has 
been proposed, there is currently no evidence of 
fertility and pregnancy outcome and therefore the 
authors concluded that patients contemplating 
pregnancy should be adequately counselled 
regarding the risk and benefits before performing 
this procedure [126]. Commonly reported 
adverse events include, minor skin burns (4 %), 
worsening of symptoms of menorrhagia (4 %), 
nausea requiring hospitalisation (1 %) and injury 


to the uterine serosa (1 %) [123]. Modest reduc- 
tion in volume of fibroids have been reported in 
various studies and reduction in symptomatology 
[128] as well as improvement of quality of life 
reported to be within the range of 79.3-88 % 24 
months after treatment [123, 129-131]. The 
effectiveness of this treatment modality in the 
symptomatic treatment of uterine fibroids has not 
been compared in randomised control trials with 
medical, surgical and other treatment modalities. 
The role of uterine artery embolisation will be 
discussed in detail in a later chapter. 


Conclusion 

Uterine fibroids occur commonly in women of 
reproductive age group and may play an aetio- 
logical role in infertility and pregnancy wast- 
age in a significant number of women. Several 
studies have suggested an association between 
uterine fibroids and adverse pregnancy out- 
comes such as reduced fertility and increased 
miscarriage. Management of uterine fibroids 
to improve fertility and reduce pregnancy 
wastage is currently surrounded by consider- 
able uncertainty and remains controversial. In 
managing uterine fibroid-associated infertil- 
ity, clinicians must balance the potential ben- 
efits in the context of fertility enhancement 
with complications of the procedure. 


Key Practice Points 

1. Uterine fibroids may be associated with 
5-10 % of infertility cases. 

2. The effect of fibroids on infertility 
depends on the site, number and size of 
the fibroids. 

3. Submucous fibroids have a significant 
negative effect on fertility. Subserous 
fibroids have no significant effect while the 
role of intramural fibroids is controversial. 

4. New treatment modalities such as robot- 
ically assisted myomectomy, ulipristal 
acetate, focused ultrasound surgery and 
Cryomyolysis need further evaluation 
regarding their role in treatment of 
fibroids associated with infertility 
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Vasilios Tanos 


Submucous Fibroids 
and Reproduction: Facts 
and Figures 


Approximately 5-10 % of infertile patients have 
at least one myoma. It has been estimated that in 
upto 2.4 % cases fibroids are the sole cause of 
infertility [1]. The effect of submucous fibroids 
on fertility was analysed by Pritts et al. 2009: 14 
studies were analysed and results showed signifi- 
cantly lower fertility rates in women with submu- 
cous fibroids [2]. 

Submucous fibroids affect fertility mainly by 
(a) mechanical disruption of uterine function: 
distortion of uterine cavity, compressing the tubal 
ostea, junctional zone disruption at the initial 
stages of embryo invasion and placentation, 
interference with normal rhythmic uterine and JZ 
contractions [3, 4], by affecting calcium metabo- 
lism, raising intracellular Ca* leading to myome- 
trial irritability and hyperactivity [5]. (b) cellular 
dysfunction: by causing endometrial erosion 
with subsequent inflammation altering the nature 
of the intrauterine fluid resulting in a hostile 
endometrial environment, affecting nidation and 
sustenance of the early embryo, vascular changes 
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disrupting endometrial blood supply and abnor- 
mal endometrial maturation. Impaired implanta- 
tion has been demonstrated by global decrease in 
endometrial Hox gene expression, a marker of 
endometrial receptivity [5]. In addition submu- 
cous fibroids can cause dysmenorrhoea, meno- 
metrorrhagia and pregnancy complications, such 
as recurrent miscarriages, premature labour and 
abnormal and fetal malpresentations [6]. 


Submucous Fibroids: Effect 
of Location and Size 

on the Junctional Zone, 
Endometrium and Fertility 
Prognosis 


The ability to correctly identify the location and 
size of a fibroid is critical when considering sur- 
gical intervention. Certain fibroids have a greater 
impact on fertility than others and this is mainly 
related to their proximity to the Junctional Zone 
(JZ). The JZ is the anatomically distinct area of 
the uterus lying between the endometrium and 
myometrium possibly representing a transitional 
zone. This area is structurally and hormonally 
different from the other layers of the uterus. 
Further research may elucidate its exact role in 
fertility and how disruption of this zone by 
fibroids can reduce implantation. It is clearly 
seen on MRI sections and 3D ultrasound [7]. 
Submucous fibroids disrupt the JZ and there is 
substantial evidence demonstrating that once the 
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contour of the endometrial cavity is distorted, ART 
results are compromised [8, 9]. There is some 
debate however regarding the effect of submucous 
fibroids that do not significantly deform the endo- 
metrial cavity but are simply buried just below the 
endometrial lining. However these fibroids may 
negatively affect fertility by desynchronising the 
normal rhythmic contractility of the JZ [4]. 

Care also needs to be taken with large intra- 
mural fibroids. Bearing in mind that the myome- 
trial wall thickness in a non gravid woman is 
between 2 and 3 cm, large intramural fibroids 
above 3 cm may very well have a submucous 
component that may be missed with just 2D 
ultrasound. More detailed imaging such as sono- 
hysterography, MRI or hysteroscopy is therefore 
important to rule out a submucous component. 

Evidence for the effect of fibroids on uterine 
contractility can be found from studies involving 
MRI assessment of uterine contractility. In one par- 
ticular study of 35 women with intramural and sub- 
mucous fibroids, uterine contractility was assessed 
during the implantation window. Following myo- 
mectomy the test was repeated and it was found 
that endometrial T2 relaxation time was signifi- 
cantly shortened compared with the results before 
surgery. The authors concluded that myomectomy 
reduces and normalizes endometrial T2 relaxation 
time [10]. Finally the site of the fibroid is also very 
important where fundal fibroids have a more pro- 
nounced effect on fertility by affecting the most 
common site of embryo implantation. 


Preoperative Evaluation 
of the Submucous Fibroids 


Detailed preoperative ultrasound examination is 
necessary to evaluate the proximity of fibroids to 
the Junctional Zone and evaluate the degree of 
distortion of the endometrial cavity and also to 
differentiate the fibroid from an adenomyoma. 
Hysteroscopic evaluation will meticulously eval- 
uate the integrity of endometrial cavity. High fluid 
distension pressures may lead to an underestima- 
tion of the degree of distortion of the cavity, as the 
fibroid would be pushed back into the myometrial 
wall (sinking phenomenon). It is therefore 
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important to reduce the intracavitary pressure to 
allow the fibroid to fully protrude into the cavity. 
Attention should be also focus on the endometrial 
epithelium since submucous fibroids may affect 
endometrial development and cause erosion and 
atrophy. Concomitant use of ultrasound during 
hysteroscopy is of paramount importance and can 
lead to additional information regarding the 
degree of extension of the fibroid into the myome- 
trial wall, and provide better orientation in rela- 
tion to important landmarks such as ostia, cervical 
isthmus, proximity to uterine arteries, broad and 
sacro-uterine ligaments [11]. 

MRI is also quite useful and more precise than 
2D/3D ultrasound in identifying the size, posi- 
tion and topography of a myoma within the uterus 
as well as evaluating the surrounding organs and 
structures. The reproducibility of the MRI as 
compared to that of the ultrasound is by far much 
better in both accuracy and specificity especially 
for big myomas. However, its high cost and rela- 
tive difficult access restrict its use as a first line 
imaging modality. 


Classification of Submucous 
Fibroids 


Hysteroscopic classification of submucous 
fibroids was reported by Wamsteker in 1993 as 
ESGE guidelines. The degree of fibroid penetra- 
tion within the uterine muscle is the basic princi- 
ple behind the classification. Type 0 is a myoma 
found completely within the endometrial cavity, 
Type 1 is a myoma which is >50 % in the cavity 
and Type 2 the myoma which is >50 % in the 
myometrium [12]. Lasmar in 2005 reported 
another classification system taking in consider- 
ation the fibroid base extension, size and topogra- 
phy as shown in the Table 9.1 [13]. 


Medical Management 
of Submucous Myomas 


Medical treatment of submucous myomas with 
GnRHa will stop bleeding, improve existing anae- 
mia and usually will shrink those myomas bigger 
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Table 9.1 Classification of submucous fibroids 


Points Lateral 
Penetration Size Base Third wall 
0 0 <2 <1/3 Lower + 
1 <50 % >2-5 >1/3 Middle 
to 2/3 
2 >50 % >5 2/3 Upper 
Score + + + + + 


From Lasmar et al. [13], with permission 

Score 0-4 indicates Group I with low complexity and 
hysteroscopic myomectomy can be performed 

Score 5-6 indicates Group II that will need complex 
hysteroscopic myomectomy so GnRHa should be consid- 
ered prior to operation and/or surgery in two stages. Score 
7-9 indicates Group II] recommending an alternative non- 
hysteroscopic technique for treatment of the myoma 


than 4 cm. Further shrinking of a submucous fibroid 
will retract it from the JZ and endometrial margin 
and may improve the chance of implantation. When 
used preoperatively GnRHa will shorten the opera- 
tive time and decrease the risk of bleeding. and 
hence their use is recommended in cases of large 
submucous myomas [14]. In one study, 39 consecu- 
tive patients with submucous myomas graded as 
Type O or Type 1, with a myoma size range of 
10-35 mm were randomized to either direct surgery 
or 2 months of GnRHa prior to hysteroscopic resec- 
tion. Patients treated with GnRHa had significantly 
shorter operative times (15.9+3.1 
21.3+4.0 min) and significantly reduced fluid 
absorption (378+ 137 mL vs. 566+199 mL) com- 
pared to the control arm. Operative difficulty and 
overall surgeon satisfaction were significantly bet- 
ter in the GnRHa group [14]. 

Progestogens and danazol can also resolve 
preoperative anaemia, reduce endometrial thick- 
ness, vascularization of fibroids and assist in sur- 
gical scheduling. Letrozol (non steroidal 
aromatase inhibitor) given 5 mg/day, orally for 
3 months [15] and nomegestrol acetate (very 
potent progestogen) day 1-14, 5 mg daily, lead to 
rapid thinning of the endometrium and provide 
an easier operative field [16]. 

In order to ease insertion of the resectoscope 
and avoid difficult cervical dilatation, especially 
in a non-gravid woman, mifepristone and aso- 
prisnil can be used for cervical priming. Any 
route of administration, orally or sublingual or 
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vaginally can be used and with equal results. 
However, many times the cervix becomes 
extremely soft causing problems with maintain- 
ing fluid distension during the procedure as a 
result of fluid leakage from a soft cervix. 
Disadvantages of Hormonal therapy are the 
high cost, menopausal symptoms and high recur- 
rence rate. Preoperative use may also render small 
fibroids less visible [17], increase the risk of uter- 
ine perforation due to reduced myometrial thick- 
ness [18] and increase the risk of the ‘sinking’ 
phenomenon due to decreased elasticity of the 
myometrium and /or oestrogen deficiency [19]. 


Surgical Management 
of Submucous Myomas 


Submucous myomas are better operated on hys- 
teroscopically [20]. There are several hystero- 
scopic techniques involving different equipment, 
energy modalities and instruments. Combination 
of all these techniques is also feasible and mainly 
depends on the surgeon’s experience, operating 
room set up, energy sources and equipment avail- 
ability. The location but more important the size 
of the fibroid will judge the selection of the 
equipment, instrument and technique to be used 
for surgery. What is mandatory for hysteroscopic 
excision for a submucous myoma is constant 
intracavitary pressure providing a safe operative 
field, clear vision and comfortable surgery. 
Surgery will be directed according to the age of 
the patient, severity of symptoms, myoma char- 
acteristics, duration of infertility and recurrent 
failure of ART [14, 20]. 

Small myomas: A “See and treat” hysteroscopy 
approach has been proposed in women of repro- 
ductive age when a small incidental submucous 
myoma is found. The procedure is simple with 
few risks The high potential of a small myoma to 
grow and have a negative impact on spontaneous 
conception make this an attractive approach [15]. 
Small submucous fibroids 1-1.5 cm can be 
removed by cold scissors technique. Usually con- 
comitant use of ultrasound can direct the surgeon 
to the myoma location while dissection of the 
overriding endometrium will assist in identifying 
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the whitish tissue of the myoma. Further dissec- 
tion to the sides of the myoma within the cleavage 
plane using the tip of the scissors will separate 
and eventually detach the myoma from its fovea. 
Progressive movements with the tip of the hys- 
teroscope will lead to the base of the myoma. In 
case of a feeding vessel or adhesions it is better to 
use electrical energy, like a 5Fr bipolar needle, 
ball, twizzle or resectoscope in order to secure 
haemostasis. A hysteroscopic tenaculum can then 
be used to extract the myoma from the endome- 
trial cavity [21]. The remaining cavity disappears 
after a few weeks and a second look hysteroscopy 
diagnoses a smooth cavity covered by healthy 
endometrium. 

Large myomas: Hysteroscopic treatment of 
submucous fibroids is the method of preference 
unless the myoma is too large or too numerous 
[20]. A randomized matched control study of 215 
women with submucous fibroids as sole reason 
for infertility demonstrated that hysteroscopic 
myomectomy is effective and increases preg- 
nancy rates. Fertility rates appeared to increase 
after hysteroscopic myomectomy of G 0 and GI 
myoma (0.05) but in G II myoma no difference in 
fertility rates were noted [22]. 


Hysteroscopic Resection 


The aims of hysteroscopic myomectomy are to 
preserve fertility by minimising damage to the 
endometrium, have an acceptable tolerability 
with a low incidence of recurrence, and finally 
have a minimal complication rate. Conventionally 
fibroid size should not exceed in Type 1, 5-6 cm 
and in Type 2, 4-5 cm in order to be removed 
hysteroscopically [23]. Effort should be made to 
complete excision of the fibroid in one step 
although several settings may be needed. In the 
past, resected fibroids were left in the cavity and 
were expected to be expelled spontaneously dur- 
ing the first menses after surgery. However this 
can lead to frequent side effects such as colicky 
pains and intrauterine infections and hence this 
approach should be avoided [24]. Two step sur- 
gery and excision of only the intracavitary por- 
tion, usually is reserved for difficult cases of 
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large fibroids or when fluid deficit exceeds safety 
margin. Migration of the intramural part into the 
cavity occurs after 20-30 days and the procedure 
can then be completed. 

The operating hysteroscope contains a work- 
ing element for electrosurgical thermal loops and 
vaporizing electrodes. Passage of the electrical 
energy from the thermal loop to the tissues deter- 
mines the cutting or coagulation action of the 
resectoscope. Repeated and progressive passages 
of the cutting loop, achieves excision of the 
myoma by slicing. Excision begins from the top, 
progressing in a uniform way towards the base. 
Hydromassage by inducing rapid changes in the 
intrauterine pressure provokes uterine contrac- 
tions and help migration the intramyometrial 
component of the fibroid into the cavity [25]. 
Pharmacological enucleation aided techniques 
can also be used to induce uterine contractions by 
laparoscopic uterine injection of PGF-2a [26], or 
Carboprost (methyl analogue of PGF) intracervi- 
cally [27]. Hallez 1995, reported hysteroscopic 
partial myomectomy and then finger massage of 
the uterus to help expulsion of the intramural part 
into the cavity [28, 29]. Also the Lin fibroid 
grasper can be used to pull the fibroid further into 
the cavity [19]. 

Once the cleavage plane is identified a loop 
can be used for blunt dissection of the fibroid 
from its capsule. Chips are removed manually 
using the loop. Safety and efficacy of bipolar sur- 
gery as compared to monopolar resection is due 
to the use of normal saline instead of glycine or 
manitol, reduced risk for electrolyte imbalance, 
reduced risk of electrical burns and better operat- 
ing control reducing the risk for perforation. The 
use of smaller hysteroscope diameters minimises 
cervical dilatation and uterine wall damage, min- 
imises the need of anaesthesia and makes the pro- 
cedure feasible in the outpatient setting [30]. 

Intrauterine morcellators, resectoscopes with 
automatic chip aspiration or the Integrated Bigatti 
Shaver (by Storz) are also effective instruments 
for fibroids up to 2 cm, and even for Type 0 and 
Type 2 fibroids [31-33]. 

Vaporisation of the fibroid using cylindrical or 
spherical electrodes dragged along the surface of 
the fibroid until the nodule is reduced in size can 
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also be used. Vaporisation leaves no chips but 
also no tissue for histopathology. It is however 
faster and associated with less blood loss and 
fluid imbalance [34, 35]. 

Complications of fibroid resection: The rate 
of operative complications with the monopolar 
resectoscope is 0.3-28 % most frequently due to 
fluid overload and uterine perforation. Uterine 
perforation is related to the depth of myoma 
extension into the myometrium and its position 
[26]. Bleeding, cervical trauma, intrauterine 
adhesions and very rarely air embolism can also 
happen during hysteroscopic myomectomy. The 
risk factors for fluid overload are the intramural 
extension of the fibroid, the size of the fibroid, 
the length of the operation and the total inflow 
volume. Excessive intravasation and transperito- 
neal absorption can cause severe fluid overload, 
pulmonary oedema, hyponatriemia, heart failure 
and cerebral oedema. When fluid intravasation 
exceeds the 750 ml, the surgeon should prepare 
to terminate the procedure [35] and when balance 
exceeds 1,000 ml the procedure must be stopped 
[36]. Bipolar resection with saline may also cause 
fluid overload but larger deficits are allowed. 
Excessive intravasation >1,500 ml risks can how- 
ever lead to cardiac overload [26, 37]. 

Uterine Synechiae after bipolar hysteroscopic 
resection of submucosal myomas was investigated 
in a retrospective study, when 30 women with pri- 
mary infertility and 23 women with secondary 
infertility underwent a second look hysteroscopy 2 
months after myoma resection. Intrauterine adhe- 
sions were found in 7.5 % of cases. A myoma size 
of >3.5 cm and age <35 were significantly associ- 
ated with increased pregnancy rate [38]. The size 
and penetrance of the myoma, the extent of the 
endometrial injury and operating time are consid- 
ered major risk factors for adhesion formation. 
The highest risk for postoperative intrauterine 
adhesions is hysteroscopic surgery for opposing 
myomas. To minimise the risk of adhesions, every 
effort should be made to minimise endometrial 
injury and consideration should be given to the use 
of anti adhesions measures. The use of second 
look hysteroscopy performed a few months fol- 
lowing the primary procedure is useful to diagnose 
and treat newly formed adhesions. 
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Preclinical studies suggest that biodegradable 
surgical barriers may decrease post operative 
hysteroscopy intrauterine adhesions (IUA), 
although results with observational studies are 
conflicting. The use of anti-adhesion barrier gels 
following operative hysteroscopy for treating 
female infertility has been reported by a system- 
atic review and meta-analysis by J Bosteels et al. 
They concluded that any barrier gel during opera- 
tive hysteroscopy is associated with less severe 
de novo adhesion formation however, there is no 
evidence for higher pregnancy or live birth or 
miscarriage rates [39]. 

Another important issue is the risk to operate 
on a leiomyoma with sarcomatous changes, a 
leiomyosacroma (LMS). Unfortunately there no 
reliable parameters identifying fibroids at risk of 
LMS. Hysteroscopic myomectomies performed 
in women at reproductive age, with relatively 
small fibroids usually below 4 cm are apriori 
cases at low risk of LMS. In 2014 the European 
Society of Gynaecological Endoscopy (ESGE) 
run a survey among its members about LMS [40]. 
Twenty one out of 209 hysteroscopists reported 
that at least once and 9 reported more than 2 
times in their career, operated a leiomyoma that 
histopathology diagnose a LMS (unpublished 
data - results to be published in 2015 in the 
Journal of Gynaecological Surgery). The exact 
LMS risk of small myomata operated by hyster- 
oscopy is unknown. However gynaecologists 
operating fibroids by hysteroscopy should also 
bear in mind those myomas do not shrink after 
GnRHa treatment, over 8 cm in size, in women 
over 40 years of age with necrotizing areas in 3D 
US and/or MRI are considered suspicious for sar- 
comatous changes and patients should be objec- 
tively informed [41]. 


Conclusions 

Resectoscopic resection still represents the 
standard widely used technique for hystero- 
scopic treatment of submucous fibroids 
Bipolar electrodes are safer than monopolar, 
but even with normal saline as a distending 
medium, fluid balance and monitoring are 
important. The preoperative preparation and 
surgery of the Type | and Type 2 myoma cases 
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should be individualised, depending on sur- 
geons’ experience and skills. Hysteroscopic 
morcelators and shavers are new promising 
alternatives to resectoscopes in reducing the 
costs, operation time, shortening the learning 
curve and minimising damage to the endome- 
trium however more RCTs are needed before 
they are adopted into standard practice. 


Key Practice Points 

1. Submucous fibroids have a negative 
influence on reproductive performance 
and should usually be treated to improve 
fertility. 

2. Intramural fibroids close to the Junc- 
tional Zone should be investigated thor- 
oughly to avoid missing a submucous 
component. 

3. Pre operative treatment with GnRHa is 
useful in cases with large submucous 
fibroids to shrink the fibroid, stop bleed- 
ing, improve visibility and minimise 
fluid absorption. 

4. Measures should be taken to minimise 
the risk of postoperative intrauterine 
adhesions including the use of anti 
adhesion agents and performing a sec- 
ond look procedure. 
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Tülay Karasu and Mostafa Metwally 


Uterine fibroids are common benign smooth 
muscle tumours with an estimated incidence of 
20-40 % of women during their reproductive 
years [1]. Intramural fibroids are commonly 
encountered in patients with fertility problems 
and clinicians are faced with a difficult situation 
whether surgical intervention is necessary and 
beneficial. It is known that submucous fibroids 
have a negative effect on reproductive outcomes 
[2]. However, this is less clear with intramural 
fibroids. There is still controversy about possible 
effects of intramural fibroids on reproductive out- 
comes and about the removal of intramural 
fibroids in order to improve reproductive out- 
comes [3]. This chapter explores the current con- 
troversies on the management of intramural 
fibroids in relation to infertility. 


Diagnosis 


The diagnosis is often made for the first time dur- 
ing infertility investigations by transvaginal and/ 
or transabdominal ultrasound. Ultrasound has a 
high sensitivity (>90 % and specificity (>85 %) 
to detect fibroids [4, 5]. MRI is performed when 
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ultrasound examination is not conclusive and for 
mapping of the fibroids. In addition, MRI is use- 
ful for the diagnosis of adenomyomas, which can 
sometimes be confused with fibroids. MRI has a 
sensitivity of 88-93 % and a specificity of 
66-91 % in diagnosing fibroids [4, 6]. Imaging 
should assess the number, size and exact location 
of the fibroids and any disruption of the junc- 
tional zone (Fig. 10.1). Furthermore, it is impor- 
tant to exclude any distortion of the intrauterine 
cavity by hysteroscopy or sonohysterography 
which have a higher sensitivity and specificity 
than hysterography and 2D ultrasonography [7— 
9]. This will help the clinician to formulate a 
management plan. 


Mechanisms for Effect on Fertility 


The exact mechanisms through which fibroids 
determine subfertility are not clear. However, 
there are several mechanisms suggested to 
explain the interference of intramural fibroids 
on reproductive outcome. Major anatomical 
distortion due to intramural fibroids may affect 
fertility [10]. Furthermore, the presence of intra- 
mural fibroids can interfere with reproduction 
by altering the normal uterine contractility or 
endometrial blood supply or by the release of 
inflammatory substances [11, 12]. In addition, 
a disruption of the junctional zone by intramu- 
ral fibroids may also explain poorer pregnancy 
outcomes [13]. 
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Fig. 10.1 (a—e) The diagram demonstrates the heterogeneous nature of intramural fibroids varying in site, size, number 


and distance from the junctional zone 


Evidence for Effect on Fertility 
Outcomes 


Several studies have looked into the effect of 
intramural fibroids on IVF outcome [14-19], 
although the results are controversial. Some stud- 
ies have reported a negative impact of intramural 
fibroids on IVF outcomes [17, 19] whereas other 


studies did not find an effect on IVF outcomes 
[16, 20-22]. The first systematic review on 
fibroids and infertility did not show an effect of 
intramural fibroids on infertility [23]. However, 
a shortage of good quality studies were noticed 
[23]. An updated systematic review by the same 
author demonstrated a possible negative effect of 
intramural fibroids on reproductive outcomes [2]. 
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They found significantly lower clinical pregnancy 
rates, implantation rates, ongoing pregnancy/ 
live birth rates and significantly higher miscar- 
riage rates in women with intramural fibroids 
[2]. Unfortunately most of the studies had a poor 
evaluation of the uterine cavity [2]. Nevertheless, 
removal of intramural fibroids did not seem to 
improve significantly fertility outcome [2, 24]. 
A more recent systematic review has suggested 
that the presence of intramural fibroids without 
cavity distortion has a negative impact on IVF 
outcomes [14]. A significant decrease in clini- 
cal pregnancy (RR=0.85, 95 % CI 0.77-0.94, 
p=0.002) and live birth rates (RR=0.79, 95 % 
CI: 0.7-0.88, p<0.0001) after IVF treatment has 
been found in women with intramural fibroids 
without uterine cavity involvement when com- 
pared to women without fibroids [14]. A sig- 
nificant negative effect of intramural fibroids 
for conception (OR=0.8, 95 % CI: 0.6-0.9) 
and delivery (OR=0.7, 95 % CI: 0.5—0.8) was 
also reported in a different systematic review of 
fibroids in female reproduction [15]. 

The most recent systematic review and meta- 
analysis on this subject initially showed a nega- 
tive impact of intramural fibroids on clinical 
pregnancy rates, but not on live birth or miscar- 
riage rates [3]. However, when only the highest 
quality studies were included, there was no sig- 
nificant effect of intramural fibroids without cav- 
ity distortion on clinical pregnancy rate 
(OR=0.74, 95 % CI: 0.5-1.04), live birth rate 
(OR=1.17, 95 % CI: 0.62-2.22) or miscarriage 
rate (OR = 1.88, 95 % CI: 0.61—-4.2) [3]. This is in 
discrepancy to the two recent meta-analyses [2, 
14], which can be explained by the way con- 
founding factors like age, involvement of the 
uterine cavity were analysed. In addition, a low 
number of high quality studies and significant 
statistical heterogeneity between the included 
studies were identified [3]. The same review 
could not identify a significant effect on clinical 
pregnancy rates (OR=1.88, 95 % CI: 0.57-6.14) 
or miscarriage rates (OR=0.89, 95 % CI: 0.14— 
5.48) following myomectomy for intramural 
fibroids [3]. This study highlights the need for 
high quality studies regarding the effect of intra- 
mural fibroids on reproductive outcomes. 
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The management of women with intramural 
fibroids needs to be individualised as there is 
insufficient evidence about the effect of intramu- 
ral fibroids on fertility. Age and other reasons for 
infertility as well as number, size, location and 
presence of other fibroids need to be taken into 
consideration. In addition, any involvement of 
the uterine cavity needs to be excluded. Many cli- 
nicians consider removal of intramural fibroids 
larger than 4 cm. 


Should Intramural Fibroids 
Be Treated to Improve Fertility? 


Even though intramural fibroids may have a nega- 
tive impact on fertility, it is not clear whether 
myomectomy is helpful. It is possible that myo- 
mectomy may prevent abnormal myometrial con- 
traction and endometrial inflammatory reactions 
associated with the presence of intramural fibroids 
and thereby increase implantation rates. Currently, 
there are not enough studies addressing the effect 
of removal of intramural fibroids on fertility out- 
come. Nevertheless, it is important to explore 
this area as complications of surgery may impair 
future fertility and outweigh any benefits. A recent 
Cochrane review examined the effect of myomec- 
tomy on fertility outcomes and compared differ- 
ent surgical approaches [25]. Three randomised 
controlled studies were included in the Cochrane 
review. One randomised controlled study looked 
at the location of fibroids and the effect of myo- 
mectomy on clinical pregnancy or miscarriage 
rate and did not find a benefit of removal of intra- 
mural fibroids [24]. This study only included 
women with a single fibroid and a maximum size 
of 4 cm and did not report live birth rates [24]. 
Furthermore, the sample size was relatively small 
and insufficient to draw a firm conclusion [25]. 
The Cochrane review also examined the type of 
surgical approach and did not find a significant dif- 
ference between open and laparoscopic myomec- 
tomy regarding fertility outcomes [25]. However, 
the evidence should be viewed with caution as only 
two randomised controlled studies were included 
(26, 27]. Both studies did not have a sample size 
calculation and may have been underpowered. The 
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Cochrane review concludes that there is currently 
inadequate evidence regarding the effect of myo- 
mectomy on fertility outcomes. Furthermore, the 
current evidence did not show a significant differ- 
ence in fertility outcome in regards to the type of 
myomectomy (open or laparoscopic approach). 
Therefore, the surgical approach should be deter- 
mined by the surgical skills and expertise. 


Management 
Hormonal Treatment 


Fibroids are hormone-sensitive tumours with sex 
steroid receptors [28] and respond to hormonal 
treatment. Medical treatment in the form of 
gonadotrophin-releasing hormone analogue 
(GnRHa) can be given prior to myomectomy in 
order to reduce the size of the fibroid and make 
surgery safer and easier. A Cochrane systematic 
review confirmed these findings [29]. However, 
smaller fibroids can be overlooked at the time of 
surgery and can grow again following the discon- 
tinuation of GnRHa. A drawback of this therapy 
is oestrogen deficiency and a decrease in bone 
mineral density after prolonged use [30]. In addi- 
tion, loss of cleavage plane between the tumours 
and the healthy myometrium can make surgery 
more difficult [31]. 

Another medical option is the use of selective 
progesterone receptor modulators (SPRM) with 
mixed agonist/antagonist activity. It is already 
known that oestrogen promotes fibroid growth, 
but more recent studies have suggested that 
fibroid proliferation may be enhanced via proges- 
terone and its receptor [32]. Studies have con- 
firmed the efficacy and safety of the SPRM 
ulipristal acetate (Esmya®) for the treatment of 
fibroids preoperatively [33, 34]. The recom- 
mended dose is 5 mg daily for up to 12 weeks. 
Endometrial changes have been noticed when 
ulipristal acetate was administered for more than 
12 weeks which is due to cystic glandular changes 
and not endometrial hyperplasia. However, long 
term studies are necessary to look into those out- 
comes [35]. Furthermore, it is yet unknown what 
the effect on subsequent fertility is. 
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Interventional Radiology 


Minimal invasive techniques are available for 
the treatment of intramural fibroids. Uterine 
artery embolisation (UAE) occludes the uter- 
ine blood flow to the fibroid leading to necrosis 
and shrinkage of the fibroid [36]. Complications 
include hematoma formation, thrombosis, post- 
embolisation syndrome (pain, nausea, flu-like 
illness), infection, vaginal discharge, temporary 
amenorrhoea. Evidence suggests a 50-60 % 
reduction in fibroid size and 85-95 % symptom 
relief after UAE [37]. The effect of UAE on ovar- 
ian reserve and pregnancy outcome is not entirely 
clear [38]. One study looked at the impact of 
UAE versus myomectomy on infertility [39, 40]. 
Twenty six women following UAE tried to con- 
ceive and the pregnancy rate was 50 %, delivery 
rate 19 % and miscarriage rate 53 %. This was 
significantly lower compared to women following 
myomectomy (n=40) (p<0.05). They had a preg- 
nancy rate of 78 %, delivery rate of 48 % and mis- 
carriage rate of 23 %. Another systematic review 
found increased miscarriage rates in women post 
UAE (35.2 %) when compared to women with no 
intervention (16.5 %), matched for age and fibroid 
location [41]. There was only very low level evi- 
dence suggesting that myomectomy may be asso- 
ciated with better fertility outcomes than UAE 
according to a Cochrane review [42]. Of note is 
that women after UAE have an increased likeli- 
hood for surgical interventions in the future [42]. 

Magnetic resonance guided focused ultrasound 
surgery (MRgFUS) is a new method of thermal 
ablation for the treatment of fibroids beneath the 
anterior abdominal wall. However, only few 
patients are eligible for this new technique. 
Nevertheless, reproductive outcomes following 
this procedure are promising. A miscarriage rate 
of 26 % and a live birth rate of 41 % have been 
reported in women following this procedure [43]. 


Surgical Treatment 
Surgical treatment for intramural fibroids in the 


form of myomectomy can be performed abdomi- 
nally or laparoscopically dependent on the 
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position of the fibroid and the skills of the sur- 
geon. Risks of myomectomy are intra-operative 
bleeding and formation of postoperative adhe- 
sions. The advantages of the laparoscopic proce- 
dure over an abdominal approach are reduction in 
postoperative pain, hospital stay and recovery 
[44]. However, laparoscopic myomectomy is 
technically challenging and time consuming. 
According to a systematic review there is no sig- 
nificant difference between those two approaches 


and fertility outcome [25]. 


Conclusion 


Currently, there is insufficient evidence to 
make conclusions regarding the effect of intra- 
mural fibroids on fertility outcomes on natural 
and assisted conception. Practically, the most 
important task is to exclude any involvement 
of the uterine cavity by hysteroscopy or sono- 
hysterography and not rely only on 2D trans- 


vaginal ultrasound. 


Furthermore, there is insufficient evidence 
from randomised controlled trials to evaluate 
the role of myomectomy for intramural 
fibroids to improve fertility. More high quality 
studies are necessary to address the effect of 
intramural fibroids on reproductive outcomes 
and the effect of removal of those fibroids on 
reproductive outcomes. Of note is that the sur- 
gical approach to myomectomy (open or lapa- 
roscopic) has no significant effect on fertility 
outcomes. In the meantime thorough counsel- 
ling and individualised planning is recom- 
mended in women presenting with intramural 


fibroids and infertility. 


Key Practice Points 

1. The effect of intramural fibroids on fer- 
tility is still controversial. 

2. Treatment of intramural fibroids needs 
to be individualised taking into consid- 
eration age, other reasons for infertility 
as well as number, size and location of 
the fibroids. 

3. Many clinicians consider removal of 
intramural fibroids larger than 4 cm. 


. The current evidence does not show a 


significant difference in fertility out- 
come in regards to the type of myomec- 
tomy (open or laparoscopic approach). 


. Pre surgical treatment with GnRH ana- 


logues and selective progesterone recep- 
tor modulators (SPRM) can be given 
prior to myomectomy to reduce the size 
of the fibroid and facilitate laparoscopic 
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removal. 
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Amanda Jefferys and Valentine Akande 


Since it was first described by Dr Washington 
Atlee in 1845 [1] the abdominal myomectomy 
has transformed the lives of many women with 
fibroid related symptoms and has given them 
hope of future pregnancy. Since then many varia- 
tions on the technique have been described and 
more recently in some situations the abdominal 
approach has been superseded by minimal access 
techniques such as laparoscopic or robotic myo- 
mectomy. Consequently the rates of abdominal 
myomectomy is falling worldwide [2]. In this 
chapter we set out to describe the place of abdom- 
inal myomectomy in current clinical practice and 
how to perform the procedure. 


Indications for Abdominal 
Myomectomy 


Most women with fibroids are asymptomatic, in 
others the symptoms include: menorrhagia, fer- 
tility problems, abdominal swelling, and pressure 
symptoms such as pain and urinary frequency. 
Myomectomy is only required where symptoms 
become problematic for the patient and she 
wishes to preserve her fertility or uterus. The 
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decision and approach to surgery will also depend 
on the number and location of fibroids. 

Despite apparent advantages of laparoscopic 
myomectomy [3-5] including reduced blood 
loss, faster post-operative recovery, reduced need 
for post-operative analgesia, and reduced adhe- 
sion formation, abdominal myomectomy may 
still be necessary where there isn’t the surgical 
skill or equipment required for a laparoscopic 
approach, or where fibroid size or number is such 
that an abdominal approach may be safer. 
Furthermore, minimally invasive techniques are 
both more costly [6] and associated with longer 
operative times [3-5] than the abdominal 
approach, they also require intensive training and 
expertise. 

Historically women with large uteri (>16 week 
size) secondary to a large or multiple fibroids 
have been offered abdominal hysterectomy for 
fear of complications secondary to myomectomy 
including excessive blood loss. However, as sur- 
gical techniques have developed and a desire for 
fertility preservation has grown, abdominal myo- 
mectomy is now considered a safe and preferable 
alternative to abdominal hysterectomy in those 
seeking fertility preservation [7], with some 
reporting low rates of conversion to hysterectomy 
(0 %), intraoperative complications (bowel, blad- 
der, ureteric injuries) (2 %) and low rates of post- 
operative blood transfusion (8 %) in those with 
single large or multiple fibroids [7]. 

Although laparoscopic myomectomy offers 
an alternative approach to the management of 
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large fibroids with similar success and low com- 
plication and conversion rates in experienced 
hands [8], it is established that for the majority of 
surgeons careful case selection prior to offering 
surgery should be undertaken and that for large 
(greater than 15 cm in diameter) or multiple 
fibroids (5 or more) abdominal myomectomy 
may be the safer approach [9-11]. In women with 
very large single fibroids e.g. >15 cm access 
could be a problem particularly if the woman is 
of short stature where even the sub-xiphisternal 
approach would make access challenging. 

Other situations in which abdominal surgery 
represents the only safe approach include exten- 
sive adhesions for example secondary to repeat 
surgery and where sarcomatous change is sus- 
pected pre-operatively. 

The literature [12] suggests that almost com- 
plete fibroid clearance, even in the case of very 
large or multiple fibroids is achievable via the 
abdominal approach. In contrast laparoscopic 
procedures are associated with greater residual 
volumes [3] where there are multiple fibroids. 
This perhaps may be because small intramural 
fibroids palpable at abdominal myomectomy are 
not visualised at laparoscopic myomectomy, or 
perhaps smaller fibroids deemed to have less of 
an impact may be left electively due to operator 
fatigue. The result may be a greater likelihood of 
recurrence of symptoms and reoperation rates in 
the laparoscopic group, however these long term 
outcomes are yet to be compared. 


History 


The father of the abdominal myomectomy is 
thought to be Victor Bonney, who first described 
enucleation of the fibroid from its capsule [13], in 
fact the procedure was first described by 
Washington Atlee in 1845 [1], who operating on 
what he believed to be an ovarian cyst, removed a 
pedunculated fibroid by transfixing and dividing 
the pedicle of the fibroid. Subsequently a case 
series of 11 abdominal myomectomies were 
reported in 1898 [14], however, due to concerns 
over risk of haemorrhage the technique did not 
gain favour with gynaecologists. It was Victor 
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Fig. 11.1 Bonney’s myomectomy clamp (Adapted from 
Bonney [13], with permission) 


Bonney who observed that it may be both prefer- 
able [15] and possible [13] to preserve the uterus 
for the purpose of fertility in women with large 
fibroids and first described a technique [13] which 
is largely employed today with few modifications. 
As the main complication of concern was haem- 
orrhage, Bonney developed a technique to restrict 
the blood supply to the uterus and fibroid. This 
was achieved by way of a para-cervical clamp 
(Fig. 11.1) (Bonney’s Myomectomy Clamp) [13] 
which compressed the uterine arteries at the level 
of the cervix (Fig. 11.2). The Bonney’s myomec- 
tomy clamp would be used in conjunction with 
soft rubber tubal clamps to occlude the branches 
of the ovarian artery resulting in almost complete 
restriction of uterine blood supply. 


Preoperative Assessment 


Comprehensive pre-operative assessment is 
essential in patients undergoing myomectomy. 
This should include a pelvic ultrasound scan to 
assess the site, size and number of fibroids. Where 
ultrasound findings are unclear an MRI should be 
considered. Radiological findings and local surgi- 
cal expertise should guide whether an abdominal 
or laparoscopic myomectomy is offered, but in 
general if a single fibroid measures greater than 
15 cm in diameter [11] or there are multiple 
fibroids (>5) [10] an abdominal procedure should 
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Fig. 11.2 Application of Bonney’s myomectomy clamp 
(Adapted from Bonney [13], with permission) 


be offered. As many women undergoing myomec- 
tomy will have a history of menorrhagia the pre- 
operative period should also be used to optimise 
haemoglobin levels through iron therapy where 
needed, this will reduce the likelihood of requir- 
ing post-operative blood transfusion. 

Consideration should also be given to the use of 
pre-operative agents to reduce the size of the 
fibroids. If used these should be given for 
1-3 months, the longer the duration of use the more 
the shrinkage in volume. However, even after 
3 months the shrinkage is rarely more than 30-50 %. 

The two agents used are GnRH agonists 
(GnRHa) and more recently selective progester- 
one receptor modulators (SPRMs) such as 
Ulipristal Acetate. Of these the GnRHa are more 
effective in causing shrinkage but have more 
severe menopausal side effects such as hot 
flushes. The SPRMs cause fewer side effects and 
appear to induce a longer lasting shrinkage due to 
a presumed apoptotic effect that can be beneficial 
in women with multiple fibroids. 
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If there are numerous fibroids it is often not 
possible to remove all the small ones and the 
medium sized fibroids may have shrunk to a 
smaller size, which are less accessible at surgery. 
As such re-growth can recur very rapidly particu- 
larly after the use GnRHa where the shrinkage 
that it imposes is transient. 

These agents should be considered particu- 
larly in women with large or multiple fibroids 
and have been associated with reduced rates of 
midline incisions, shorter hospital stays and 
higher postoperative haemoglobin levels [16], 
although their use did not affect operating 
time, operative blood loss or transfusion rates. 
Pre-operative counseling should also incorpo- 
rate adequate informed consent highlighting 
particularly the risk of requiring a blood trans- 
fusion (approx. 8 % for large or multiple 
fibroids) [7], and the very small risk of requir- 
ing hysterectomy (<1 %) [7]. For those deemed 
to be at high risk of bleeding such as those with 
a very large, numerous fibroids or those awk- 
wardly located in the cervix and deep in the 
lateral broad ligament, consideration should be 
given to the use of cell salvage [17] — some- 
thing which is not possible with laparoscopic 
surgery. 


Surgical Approach 


The modern myomectomy technique has changed 
very little since Bonney first described the tech- 
nique in 1946. 


Abdominal Incision 


As midline incisions are associated with increase 
perioperative [18] and postoperative morbidity 
where possible a low transverse abdominal or 
Pfannensteil incision should be used. Where uter- 
ine size is greater than 20 weeks consideration 
should be given to preoperative shrinkage of 
fibroids using GnRH agonists or SPRMs which 
may shrink the fibroids sufficiently to safely 
complete the procedure using a Pfannensteil 
approach [16]. 
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More recently some have advocated undertak- 
ing abdominal myomectomy via a mini- 
laparotomy [19] (wound incision approximately 
5 cm) or even an ultra-mini laparotomy [20] 
(wound incision <4 cm) which has been associated 
with reduced inpatient stays, shorter recovery time 
and improve cosmetic appearances compared to 
the traditional abdominal approach. This is appro- 
priate where fibroids are not numerous or large. 


Reduction of Uterine Blood Supply 


Since Bonney [13] first described use of the 
Bonney’s clamp to temporarily occlude the uterine 
arteries and reduce uterine blood supply many 
other techniques have been used to reduce uterine 
blood supply and therefore minimise operative 
blood loss. The aim of these measures is to maxi- 
mally restrict blood supply whilst limiting 
mechanical damage. Application of a pericervical 
tourniquet as an alternative to a clamp has been 
assessed [21], and has been shown to be associated 
with significant reductions in operative blood loss, 
although only when used in conjunction with 
occlusion of the ovarian arteries. More recently 
pharmacological developments have meant that 
vasopressors such as vasopressin [22] (diluted 
with normal saline) injected intramyometrially, 
resulting in local vasoconstriction, are now used to 
reduce intraoperative blood loss, avoiding the need 
for mechanical clamps or tourniquets which may 
cause inadvertent trauma. The use of intrauterine 
vasopressin injection has been associated with 
intraoperative morbidity such as hypotension, bra- 
dycardia, hypertension and asystole. Deaths have 
also been reported; as such this should be used 
with great care. Preferably a more dilute solution 
of vasopressin in normal saline, and using only a 
little at a time ensuring avoidance of blood vessels. 
If using vasopressin, it is also advisable that an 
experienced anaesthetist is on hand to deal with 
complications should they arise. 


Enucleation of the Fibroid 


The technique of enucleation of the fibroid from 
its capsule as first described by Bonney [13] is 
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Fig. 11.3 Enucleation of the fibroid (Adapted from 
Bonney [13], with permission) 


still used in modern practice [5]. Initially a sero- 
sal incision over the fibroid is made, the incision 
is then extended down through myometrium until 
the pseudocapsule is reached. Once the pseudo- 
capsule is reached it is carefully incised to reach 
the surface of the fibroid. When reached the sur- 
face of the fibroid can be grasped or held with a 
myomectomy screw allowing gentle traction to 
be applied the fibroid whilst the plane of cleavage 
is opened up between the fibroid and the pseudo- 
capsule by dividing fibres largely with blunt and 
sharp dissection to achieve enucleation or ‘shell- 
ing out’ of the fibroid from its capsule (Fig. 11.3). 

The technique has to be adapted to deal with 
fibroids that have degenerated; nevertheless a 
capsule should still be evident. Where a capsule 
is not easily identified, the presence of adenomy- 
osis should be suspected. 

To optimize future reproductive potential the 
route of the Fallopian tube should be identified 
and measures taken to avoid cutting or suturing 
the tubes. 


Uterine Closure 
Adequate closure of the uterus is essential not 


only to restore integrity of the uterine wall but 
also to ensure obliteration of the dead space thus 
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avoiding haematoma formation and reducing 
postoperative febrile morbidity. This is usually 
achieved using two to three layers of continuous 
locking sutures within the myometrium (deep 
and more superficial) using an absorbable suture 
material. There are several techniques that have 
been described to effect closure including the 
herringbone, however of importance are close 
apposition of tissues and secure haemostasis even 
if interrupted sutures are used. If the endometrial 
cavity is inadvertently entered, this must be 
closed as an additional continuous layer. 

Where there are submucous or partial submu- 
cous fibroids it is preferable to know if the cavity 
has been breeched, to this end it is the author’s 
practice to keep a Foley catheter (2 ml inflated 
balloon) within the uterine cavity via which blue 
dye can be instilled. 


Adjuvant Measures 


Since Bonney first described the technique, many 
adjuvant measures have been suggested with the 
aim of both reducing blood loss and reducing 
adhesion formation. Whilst, these measures may 
be useful in specific cases particularly in those at 
risk of bleeding, there is currently insufficient 
evidence to advocate use of these techniques rou- 
tinely until further evidence of efficacy is avail- 
able. Nevertheless, some of the measures 
advocated are described in the section below. 


Pharmacological Measure to Reduce 
Blood Loss 


Mechanical measures to reduce perioperative 
blood loss have already been discussed, however, 
other pharmacological agents in addition to vaso- 
constrictors have been employed to reduce opera- 
tive blood loss. 


Misoprostil 

One randomised control trial [23] has assessed 
the benefit of a single dose of pre-operative miso- 
prostil (400 mg) in patients undergoing abdomi- 
nal myomectomy. Although a small study (only 
13 patients per arm), compared to the control 
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group who did not receive pre-operative miso- 
prostil, the misoprostil group had significantly 
higher postoperative haemoglobin, significantly 
lower operative blood loss, significantly shorter 
operating time and significantly lower rates of 
post-operative blood transfusion. No other stud- 
ies have assessed the potential benefits of pre- 
operative misoprostil. 


Sodium-2-Mercaptoethanesulfonate 
(Mensa) 

One randomised control trial [24] has assessed 
the efficacy of topical application of Mensa on 
the end of an operative needle in reducing opera- 
tive blood loss. Mensa is a solution which chemi- 
cally separates tissues and may be applied to the 
site of incision whilst dissection through the 
myometrium down to the surface of the fibroid is 
undertaken. Fifty-eight participants were either 
randomised to the Mensa group or a control 
group in which topical saline was applied. There 
were significantly shorter operating times and 
significantly higher post-operative haemoglobin 
levels in the Mensa group compared to controls. 
No other studies have assessed the value of 
Mensa in this setting. 


Bupivicaine/Ephedrine 

The benefits of infiltration of bupivacaine/ephed- 
rine into the myometrium has only been assessed 
at laparoscopic myomectomy [25]. This study 
demonstrated a small but significant decrease in 
intraoperative blood loss and surgical duration in 
those receiving the intervention compared to the 
control arm. However, the benefits have not been 
assessed in the setting of open myomectomy. 


Tranexamic Acid 

One randomised control trial [26] has compared 
intraoperative Tranexamic acid infusion with pla- 
cebo. A significantly lower operative blood loss 
and operating time were reported in the treatment 
arm, however there were no differences in rates 
of blood transfusion. 


Gelatin-Thrombin Haemostatic 

Sealants 

Gelatin-thrombin matrixes have been advocated 
as an adjunct to haemostasis for a number of 
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surgical procedures. One group [27] have 
assessed its efficacy in reducing intraoperative 
blood loss at the time of abdominal myomectomy 
by randomising patients undergoing abdominal 
myomectomy to application of a gelatin-thrombin 
matrix at the site of uterine bleeding, in the 
control group no haemostatic sealant was used. 
Significantly reduced operating times, operative 
blood loss and rates of postoperative transfusion 
were seen in the treatment group, with higher 
mean postoperative haemoglobin levels in the 
treatment group. 


Measures to Reduce Adhesion 
Formation 


As adhesion formation is more likely following 
abdominal myomectomy [28] due to handling of 
tissues and increased infection risk compared to 
the laparoscopic approach, minimising adhesion 
formation is essential, particularly in those desir- 
ing future fertility. Although prevention of adhe- 
sion formation should start with good surgical 
technique including minimising tissue handling, 
meticulous attention to haemostasis and minimal 
use of cautery [29], many mechanical adhesion 
barriers have also been advocated with varying 
degrees of success. 


Interceed 

This oxidised cellulose barrier was the first of its 
kind to be introduced. After application to the 
raw surface a gelatinous layer is formed this 
remains for up to 3 weeks postoperatively and is 
the absorbed. Interceed has been found in numer- 
ous studies [30] to significantly reduce the inci- 
dence of adhesion formation following 
laparotomies for adhesiolysis and ovarian sur- 
gery, however its efficacy has never been assessed 
for open myomectomies. 


Seprafilm 

Composed of hyaluronic acid and carboxymeth- 
ylcellulose, this mechanical barrier is again 
placed over the raw surface and absorbed within 
a week of surgery. Its efficacy has been assessed 
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in preventing adhesion formation specifically 
following open myomectomy, has been assessed 
in one randomised control trial which concluded 
that use of seprafilm at the time of abdominal 
myomectomy reduced the incidence, severity 
and extent of adhesion formation postopera- 
tively [31]. 


Gore-Tex Surgical Membrane 

Unlike other mechanical barriers previously dis- 
cussed this expanded polytetrafluoroethylene 
barrier is non-absorbable and needs to be sutured 
in place. Usually it is removed at subsequent sur- 
gery. Despite these potential disadvantages a ran- 
domised control trial [32] found reductions in 
adhesion formation and severity in the group in 
whom the Gore-Tex surgical membrane was 
used. 


Crystalloids 

Some have advocated the instillation of crystal- 
loids at the end of the procedure to achieve 
hydroflotation of the tissues to prevent adhesion 
formation. However, it is likely that fluid absorp- 
tion occurs rapidly via the peritoneum and that 
within 48 h all of the fluid will have been 
absorbed. A meta-analysis of control studies did 
not find any reduction in adhesion formation in 
those in whom crystalloids were used [33]. 


Glucose Polymers (Adept) 

Produced to reduce adhesion formation, again by 
hydroflotation, these polymers are absorbed more 
slowly by the peritoneum and therefore remain in 
the peritoneal cavity for longer. However, effi- 
cacy in the prevention of adhesion formation fol- 
lowing open Gynaecological surgery is yet to be 
assessed, although there was no evidence of 
reduction in adhesion formation in those under- 
going laparoscopic surgery [34]. 

No studies found any adverse effects of using 
adhesion barriers and there may be a benefit in 
the use of mechanical adhesion barriers, how- 
ever, currently the evidence base is small and no 
comparative trials exist in the setting of open 
myomectomy to be able to recommend one prod- 
uct over another. 
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Summary 


Despite advances in laparoscopic technique 
abdominal myomectomy still holds a place in 
modern day reproductive surgical practice, espe- 
cially where large or multiple fibroids are present. 
Although some modifications have been made the 
technique first described by Bonney is largely still 
employed today. Adjuvant measures have been 
suggested to reduce blood loss and adhesion for- 
mation although currently there is relatively little 
evidence to suggest which is superior. However 
comprehensive pre-operative assessment together 
with meticulous surgical technique will assist in 
achieving low complication rates and good repro- 
ductive outcomes. 


Key Practice Points 

1. Abdominal myomectomy remains the 
preferred surgical approach for large 
(greater than 15 cm) or multiple fibroids 
(5 or more). 

2. The use Ulipristal Acetate to decrease 
fibroid size is promising and can avoid the 
side effects associated with GnRH ana- 
logues but more evidence is still needed. 

3. When using dilute vasopressin to 
decrease intraoperative blood loss, 
extreme care should be taken due to the 
potentially serious side effects. 

4. Consideration should be given to the 
use of suitable anti adhesion measures 
after abdominal myomectomy. 
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Ertan Saridogan 


Uterine fibroids are found by ultrasound in about 
70-80 % of women by the time of the menopause 
[1]. A large proportion of fibroids are asymptom- 
atic and are usually discovered incidentally dur- 
ing clinical examination or ultrasonography for 
other indications or during pelvic surgery. 
However, some women experience significant 
symptoms due to fibroids such as abnormal uter- 
ine bleeding (AUB), pressure symptoms, pain 
and infertility. 

In addition to reduced fertility, fibroids may 
also be associated with adverse pregnancy out- 
come such as miscarriage and fetal malpresenta- 
tion [2]. There is also the ongoing debate as to 
whether fibroids affect the outcome of fertility 
treatment, particularly the outcome of assisted 
reproductive technology (ART). Whilst fibroid 
removal has a clear role in the treatment of 
bleeding and pressure symptoms, the role of sur- 
gery in improving reproductive outcome is less 
certain. 

A number of systematic reviews looked at the 
issue of fibroids and reproductive outcome and 
analysed data from several series in an attempt to 
provide meaningful guidance. Two of these 
reviews looked at both spontaneous pregnancy 
and ART outcome [2, 3]. Conclusions from both 
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papers are remarkably similar and provide con- 
vincing evidence supporting submucosal and 
intramural fibroids are associated with adverse 
pregnancy outcome. These reviews found that 
submucosal fibroids were associated with lower 
clinical pregnancy and implantation rates and an 
increased rate of miscarriage. The review by 
Pritts et al. also found reduced ongoing preg- 
nancy and live birth rates [3]. Like submucosal 
fibroids, intramural fibroids were found to be 
associated with lower clinical pregnancy and 
implantation rates, reduced ongoing pregnancy 
and live birth rates and higher miscarriage rates. 
Subserosal fibroids do not seem to have a detri- 
mental effect on fertility or pregnancy outcome, 
according to these reviews [2, 3]. 

Two more recent systematic reviews analysed 
publications on impact of intramural fibroids that 
do not distort the uterine cavity on reproductive 
outcome [4, 5]. The review by Sunkara et al. spe- 
cifically looked at the IVF/ICSI outcome and 
showed that presence of fibroids was associated 
with lower clinical pregnancy and live birth rates, 
whilst miscarriage rates did not differ signifi- 
cantly [5]. Metwally et al. used more stringent 
criteria for inclusion of articles and found that 
presence of intramural fibroids did not change 
live birth or miscarriage rates, but the clinical 
pregnancy rates were lower in the fibroid group 
[4]. However, this review concluded that there 
was insufficient evidence to draw any conclu- 
sions on the effect of intramural fibroids on 
reproductive outcome. 
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The evidence related to the influence of myo- 
mectomy on reproductive parameters is less 
clear. Whilst removal of submucous fibroids vir- 
tually doubles clinical pregnancy rates when 
compared with an untreated control group, cur- 
rently there is no evidence of that myomectomy 
for intramural fibroids is beneficial to either 
pregnancy rate or outcome [3]. 


Preoperative Assessment 


It is important to determine the number, location 
and size of fibroids (fibroid mapping) preopera- 
tively to determine whether a laparoscopic or 
open approach should be selected. There is no 
absolute restriction on the number and size of 
fibroids that can be removed laparoscopically, the 
surgeon should decide whether the laparoscopic 
approach is appropriate, on the basis of their 
experience and expertise. Fibroid mapping is also 
necessary, as there is no possibility of palpating 
the fibroids intraoperatively. In addition, map- 
ping helps in planning the uterine incision(s) and 
reduces the risk of residual fibroids. 

Transvaginal ultrasound examination and mag- 
netic resonance imaging can be used for fibroid 
mapping. In experienced hands, transvaginal ultra- 
sound examination using high-quality machines 
is usually adequate for evaluating fibroids preop- 
eratively. However, in the presence of multiple and 
very large fibroids, ultrasound examination may be 
less precise. When ultrasound findings are equivo- 
cal, magnetic resonance imaging (MRI) may help 
to confirm the diagnosis and to differentiate fibroids 
from adenomyosis [6]. This is an important distinc- 
tion to be made because adenomyosis presents an 
added challenge during laparoscopy owing to the 
lack of a clearly defined dissection plane. 

Saline infusion sonohysterography and hys- 
teroscopy may also assist in identifying submu- 
cosal fibroids and may be particularly useful 
when there is significant uterine distortion from 
several other fibroids [7]. The final decision as to 
whether LM is feasible may only be possible at 
the time of surgery. It is therefore imperative that 
the woman is warned of the possibility of an open 
approach and that this is reflected in the preoper- 
ative consultation and consent. 
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Preoperative Medical Treatment 


The preoperative use of gonadotrophin releasing 
hormone analogues (GnRHa) and ulipristal ace- 
tate (UPA) is known to reduce the size of fibroids 
and uterus [8—10]. Smaller fibroids are easier to 
handle laparoscopically and would later take less 
time to morcellate. In addition, both GnRHa and 
UPA stop or reduce the excessive blood loss with 
heavy periods and are helpful in correcting anae- 
mia preoperatively. Correction of preoperative 
anaemia is known to reduce perioperative mor- 
bidity [11]. 

GnRHa are also known to reduce the blood 
loss at operation [10]. However, they may obscure 
the plane between the fibroid and myometrium 
and this may make fibroid enucleation more dif- 
ficult. In addition, smaller fibroids may be easier 
to miss during the operation, increasing the risk 
of fibroid recurrence postoperatively. Ulipristal 
acetate has the advantage of avoiding meno- 
pausal side effects [8, 9]. Its impact on intraop- 
erative blood loss and the tissue planes is not 
known. 


Port Placement 


Three or four ports would usually be required for 
laparoscopic myomectomy, one of these would 
be later used for morcellation of the fibroid(s). 
Hence, it would be helpful to use a 11 or 12 mm 
port for this site and use it for driving needles in 
and out of the abdominal cavity during suturing. 
Port placement should allow enough space 
between the laparoscope and the uterus. Whilst 
an umbilical port is usually selected for the tele- 
scope, using an epigastric port for the telescope 
would help in the presence of large fibroids or 
uterus. The other ports should be positioned 
according to the location of fibroid(s), type of 
incision(s) that would be made and the suturing 
technique of the surgeon. Surgeons who use ipsi- 
lateral suturing technique would place two lateral 
ports on the side they stand, whereas those who 
use contralateral suturing would use two ports on 
opposite sides [12]. Some surgeons however, pre- 
fer suturing through a lateral port and a suprapu- 
bic port. 
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Measures to Reduce Intraoperative 
Blood Loss 


Prior to incising the serosa, a dilute solution of 
synthetic vasopressin is injected into the myome- 
trium, and possibly into the broad ligaments. 
Vasopressin causes vasoconstriction and reduces 
the blood loss significantly. We use 20 units of 
synthetic vasopressin diluted in 20 ml of normal 
saline and half of this is given into the broad liga- 
ments and half into the myometrium overlying 
the fibroid(s). It may cause untoward cardiovas- 
cular complications, making it important to fore- 
warn the anaesthetist prior to its instillation [13]. 
The use of a synthetic vasopressin for myomecto- 
mies is not permitted in some countries. Other 
measures that reduce blood loss are vaginal miso- 
prostol, bupivacaine with epinephrine, tranexamic 
acid, mercaptoethane sulfonate and gelatin- 
thrombin matrix [14]. 


Surgical Technique 


A thorough assessment of the pelvis should be 
carried out and location of the fibroids should 
be checked against the preoperative mapping 
(Fig. 12.1). The incisions are then planned to 
give optimum access for removal of the fibroids 
and repair of the defect. Surgeons who use ipsi- 
lateral suturing may prefer transverse incisions 
whilst the contralateral operators would find lon- 
gitudinal or oblique incisions easier to suture. 
The incisions should be designed to avoid the 
Fallopian tubes, ovarian ligaments and main 
uterine vessels. 

Harmonic scalpel, monopolar diathermy 
attached to a hook or scissors, plasma energy or 
laser may be used to incise the overlying serosa 
and myometrium. A smoke extraction system is 
useful to maintain clear visibility. The incision 
should be deep enough to reach the fibroid so that 
the actual plane between the fibroid and the myo- 
metrium is easier to identify (Fig. 12.2). The inci- 
sion is then enlarged to the required size and the 
plane between the fibroid and the myometrium is 
gradually developed by mechanical dissection as 
well as division of the myometrial and fibrous 
bands utilising the energy source. Mechanical 


Fig.12.1 An enlarged uterus due to a 8 cm deep anterior 
wall intramural/submucosal fibroid 


Fig. 12.2 An anterior wall transverse incision is made 
over the fibroid to expose the fibroid and the plane 
between the fibroid and myometrium 


traction and counter-traction using a combination 
of instruments such as myomectomy screws, 
claw forceps and tooth graspers, as well as the 
counter traction applied by a second assistant via 
a volsellum on the cervix, is used to enucleate the 
fibroids. Care should be taken to avoid pushing 
laparoscopic instruments into the uterine cavity if 
possible, and similarly, the second assistant 
should refrain from using excessive force on the 
uterine manipulator to prevent uterine perfora- 
tion. With this approach, it may be possible to 
avoid breaching the cavity, even during removal 
of fibroids protruding into the cavity as long as 
there is intact endometrium overlying the entire 
fibroid surface (Figs. 12.3 and 12.4). 

Removed fibroids should be placed in a safe 
location so that they can be easily found later on 
for morcellation. Larger fibroids may be placed 
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Fig. 12.3 The myometrial defect after removal of the 
fibroid 


Fig. 12.4 Removed fibroid 


in the right iliac fossa as they would be difficult 
to fit into the pouch of Douglas (POD) and would 
be easy to locate. Smaller fibroids would be bet- 
ter kept in the POD to avoid difficulty in locating 
them later in the upper abdomen among the loops 
of bowel and the omentum. 

Haemostasis is usually achieved by sutur- 
ing. If there are obvious bleeding vessels these 
could be coagulated using targeted diathermy. 
Indiscriminate and excessive diathermy should 
be avoided as this is probably one of the main 
factors contributing to uterine rupture in future 
pregnancies, along with inadequate suturing. 

The repair of the myometrial defect is fre- 
quently carried out using ‘barbed sutures’ which 
do not require knot-tying. If the endometrial cav- 
ity is opened, a separate repair of the endometrium 
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Fig. 12.5 Repaired myometrial defect using barbed 
suture in two layers 


may be beneficial in preventing the rare future 
cases of myometrial pregnancy. Barbed sutures 
should be avoided for the repair of endometrium 
to reduce the risk of intrauterine adhesion for- 
mation. The myometrium should be repaired in 
multiple layers if necessary and the repair should 
be similar to the repair at open myomectomy 
(Fig. 12.5). Inadequate repair is probably a major 
contributor to the future risk of uterine rupture 
in pregnancy or labour. The needles should be 
large enough and curved to avoid leaving sig- 
nificant ‘dead-spaces’ within the defect to reduce 
the risk of myometrial haematoma formation. In 
the absence of ‘barbed sutures’ delayed absorb- 
able suture material such as polyglactin could 
be used. The serosa could also be closed with 
similar material, however if barbed-sutures are 
used it is probably useful to cover the incision 
with an anti-adhesion method to reduce risk of 
bowel adherence which may result in postopera- 
tive mechanical ileus (Fig. 12.6). 

The fibroids are usually removed using single- 
use or reusable electromechanical morcellators. 
It is important to keep the tip of the morcellator in 
view when it is activated, taking extreme care 
that its tip is free of the abdominal wall, bowel 
and any other adjacent structure. After removing 
the fibroids, complete inspection of the abdomi- 
nopelvic cavity should be carried out to remove 
any fibroid fragments, as morcellated fragments 
of fibroid can cause disseminated peritoneal leio- 
myomatosis [15]. In addition, thorough irrigation 
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Fig. 12.6 Closed serosal incision using barbed suture 


of the peritoneal cavity is beneficial to aspirate 
smaller fragments which may not be visible to 
naked eye. 

After thorough irrigation and confirmation of 
haemostasis, an anti-adhesion method may be 
applied onto the incision(s) [16] (Fig. 12.7). At 
the end of the procedure it is important to repair 
the rectus sheath defects of larger ports, particu- 
larly the one used for the morcellator to avoid 
later herniation. 


Complications and Prevention 


Laparoscopic myomectomy combines the com- 
plications of open myomectomy with the inher- 
ent risks of laparoscopic surgery. These include 
bleeding, transfusion, intra-abdominal damage to 
visceral organs or structures, conversion to lapa- 
rotomy and hysterectomy. The risk factors for 
complications are presence of large or multiple 
fibroids, intraligamentous (broad ligament) 
fibroids, preoperative anaemia and lack of use of 
vasoconstrictive agents [17]. 

Appropriate patient selection and detailed pre- 
operative mapping of fibroids are important to 
reduce likelihood of embarking on operations 
which may be too challenging for the level of 
experience of the surgeon. Consideration should 
be given to the preoperative use of GnRHa or uli- 
pristal acetate to reduce the size of larger fibroids 
and correct anaemia. The benefits should be 
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Fig. 12.7 The incision is covered with a barrier anti- 
adhesion agent 


weighed against the cost, side effects, and possi- 
bilities of difficult fibroid enucleation and 
increased risk of recurrence in the presence of 
multiple small fibroids. 

The use of intraoperative vasoconstrictive 
agents reduces excessive blood loss. Haemostasis 
should be targeted and excessive/indiscriminate 
use of diathermy should be avoided. A good 
repair technique which resembles the reconstitu- 
tion of myometrium at open surgery would also 
help with haemostasis and reduce the possibility 
of uterine rupture in future pregnancies. Surgeons 
should follow the principles of appropriate train- 
ing before attempting the procedure and receive 
mentoring during the initial stages of their learn- 
ing curve. 


Key Practice Points 

1. Fibroid mapping with transvaginal 
ultrasound or MRI is essential in plan- 
ning the laparoscopic approach. 

2. MRI can help differentiate fibroids from 
adenomyomas. 

3. GnRHa and ulipristal acetate can be 
used preoperatively to reduce the size of 
the fibroids and correct anaemia. 

4. Barbed sutures should be avoided for the 
repair of the endometrium to reduce the 
risk of intrauterine adhesion formation. 
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Uterine Fibroid Embolisation 


Uterine arterial embolisation is a non-surgical 
image-guided treatment for uterine leiomyomas. 
In common to many interventional radiological 
procedures, it is usually performed under local 
anaesthesia in a radiology department suitably 
equipped for image-guided procedures by inter- 
ventional radiologists. 

Ravina et al. first demonstrated the possibility 
of uterine artery embolisation as an alternative to 
surgical treatment of uterine fibroids [1]. Since 
this initial report there has been widespread use 
of this technique for symptomatic fibroids in 
terms of menorrhagia or bulk symptoms due to 
the size of the fibroid within the pelvis. The ini- 
tial observational studies demonstrated that uter- 
ine artery embolisation was followed by a 
significant reduction in uterine volume (35- 
60 %), a decrease in excessive uterine bleeding in 
90 % of women, and a low rate of subsequent 
hysterectomy with an 80 % rate of sustained 
symptom control 5 years after the procedure. 
These were followed by randomised controlled 
trials that compared uterine artery embolisation 
to hysterectomy for symptomatic fibroids, which 
showed uterine arterial embolization to have a 


J.G. Houston, MD, FRCP, FRCR, FCIRSE 
Department of Clinical Radiology, Ninewells 
Hospital and Medical School, Dundee, Scotland, UK 
e-mail: ghouston @nhs.net 


M. Metwally, T.-C. Li (eds.), Reproductive Surgery in Assisted Conception, 


lower complication rate, more rapid recovery 
with greater health economic benefit but a higher 
re-intervention rate [2—7]. 

For symptomatic fibroids, uterine artery 
embolisation is particularly useful for women 
who do not wish to undergo a hysterectomy, as 
well as those with high surgical risk, including 
morbid obesity. Persistent symptoms after uter- 
ine artery embolisation occur in 20 % of women 
who then may require other procedures, such as 
repeat embolisation, hysterectomy, or myomec- 
tomy. While uterine arterial embolisation has 
become an established treatment option for 
symptomatic patients with uterine fibroids, the 
relationship and use of this technique in regards 
to fertility remains controversial. 


Uterine Arterial Embolisation 
Technique 


Prior to uterine arterial embolization, an MRI 
examination of the pelvis is undertaken to estab- 
lish the site, size and number of fibroids within 
the uterus (Fig. 13.1). This allows a baseline for 
treatment using T2 weighted MRI, vascularisa- 
tion of the uterus using contrast enhanced MR 
angiography and assessment of vascularity of the 
fibroid using post-contrast T1 weighted 
sequences. The MRI also allows visualisation of 
the site of the fibroid in relation to the cervix and 
the assessment of other conditions such as adeno- 
myosis, uterine anomalies or ovarian pathology. 
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Fig. 13.1 (a) Axial MRI (T2 weighted), (b) Coronal 
maximum intensity projection of contrast enhanced MR 
Angiogram pre-embolisation shows enlarged uterine 


Following injection of local anaesthesia 
bilateral common femoral arterial approaches 
using Seldinger needle and guidewire approach 
is performed to allow insertion of vascular 
sheaths. Separate catheters are introduced on 
each side into the common iliac artery and the 
contralateral common iliac and then internal 
iliac arteries are catheterised. Following digital 
subtraction angiography the catheters are selec- 
tively advanced into the distal part of the uter- 
ine arteries. The aim is to place the catheter 
distal to the initial cervical branches. On confir- 
mation of catheter placement on angiography, 
embolization is performed under fluoroscopic 
control to avoid non-target embolization 
(Fig. ). A particulate embolisation tech- 
nique using preformed polyvinyl alcohol agent 
is commonly used between 500 and 700 um in 


arteries, and (c) post embolisation shows reduction in size 
of fibroid and reduced compression of endometrial cavity 


diameter. There are a number of different com- 
mercial particulates available for this use. There 
is no clear evidence to suggest one embolisa- 
tion agent is better than the other. The emboli- 
sation procedure is monitored with imaging 
under fluoroscopy until cessation of flow is 
achieved in the mid and distal uterine arteries 
(Fig. ). The procedure is then repeated on 
the opposite side. After completion of bilateral 
embolisation the vascular sheaths are removed 
and haemostasis of the common femoral arter- 
ies by manual compression or by using arterial 
closure devices. 

Follow-up MRI is performed to assess the 
response to embolisation at 6 months. The reduc- 
tion in size of the fibroids occurs after 2-3 months 
post embolization and can continue beyond 
1 year after embolization (Fig. ); 
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Fig. 13.2 Left uterine artery catheterisation and angiography (a) pre-embolisation, and (b) post embolization with 
polyvinyl alcohol particles 500-710 um in size 


Fig. 13.3 Coronal MRI (T2 weighted fat saturated) (a) Pre and (b) 3 months post embolisation shows incomplete 
fibroid necrosis 


Uterine Arterial Embolisation embolism. There has been a reported uterine rup- 
Complications ture after uterine arterial embolisation [8]. In 

addition was reported initially to have a signifi- 
Although uterine arterial embolisation is gener- cant risk of premature menopause. The incidence 
ally safe there are three reports of fatalities, two of premature menopause after uterine arterial 
due to septicemia, another due to pulmonary embolisation was reported as 1-2 % in women 
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younger that 45 years. In addition, while it was 
recognised that the changes in menstrual function 
may be transient, by measuring basal FSH and 
antimullerian hormone levels, Hechencamp et al. 
found that uterine arterial embolisation decreased 
ovarian reserve in all women [9]. Therefore the 
ovarian damage might not necessarily result in 
menopause but may impair future fertility. 
However no such findings have been reported in 
other studies [10, 11]. The effect of uterine arte- 
rial embolisation on ovarian function and early 
ovarian failure is therefore not entirely clear. 


Clinical Results of Uterine Arterial 
Embolisation in Infertility 


While the value of uterine arterial embolisation 
in symptomatic fibroids has been established by 
randomised controlled trials [2, 4], there is mini- 
mal randomised controlled trial evidence based 
uterine arterial embolisation for infertility. There 
have been several case studies and limited cohort 
observational studies reporting the potential 
advantages of uterine arterial embolisation over 
existing treatments. The main comparator in 
terms of case studies and cohort observational 
studies has been with myomectomy. The reported 
advantages for the patient of uterine fibroid 
embolisation over myomectomy are that it can be 
performed under local anaesthesia, and that it has 
a limited requirement for hospital in-patient stay. 
Early cohort studies suggested that the miscar- 
riage rate after uterine arterial embolisation was 
17-30 % compared with 15 % after myomec- 
tomy, the rate of pre-term delivery was also 
reported as being higher after uterine arterial 
embolisation (16-22 %) compared with 3 % at 
myomectomy [12]. The rate of postpartum haem- 
orrhage has also been reported to be higher after 
embolization (18 %) compared to the general 
obstetric population presumably due to abnormal 
placentation [12]. 

In terms of randomised controlled trial results 
of myomectomy and uterine arterial embolisa- 
tion, Marra et al. reported results of uterine arte- 
rial embolisation for patients with intramural 
myoma larger than 4 cm [13]. They concluded 
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that uterine arterial embolisation is as effective as 
myomectomy but found that myomectomy was 
associated with more pregnancies and deliveries 
and fewer miscarriages than uterine arterial 
embolisation. They did note however that uterine 
arterial embolisation avoided some of the com- 
plications of myomectomy by laparoscopy or 
laparotomy. This included adhesion formation 
and the more serious complications of laparo- 
scopic myomectomy of haemorrhage, bowel 
injury, post operative haematoma and emergency 
hysterectomy [14]. 

Two more recent studies have indicated com- 
parable fertility rates between uterine fibroid 
embolisation and surgical myomectomy. Pisco 
et al. reported 743 women where a future preg- 
nancy was desired [15]. Uterine arterial emboli- 
sation had a fertility rate of 58.1 % compared to 
surgical myomectomy with a fertility rate of 
57 %. In the reported 36 completed pregnancies 
with uterine arterial embolisation, the birth rate 
was 83 %, spontaneous abortion 11 %, pre-term 
delivery at 10 % and low birth weight at 13.3 %. 
The authors concluded this was not higher than 
the general population. 

A further study, McLucas et al. in 2013 [16] 
reported uterine fibroid embolisation in 44 women 
older than 40 years with fibroids who desired a 
future pregnancy and underwent uterine arterial 
embolisation. The reported pregnancy rate was 
47 %, which according to the author compared 
favourably to abdominal myomectomy where the 
term pregnancy rate was in the range of 10-46 %, 
laparoscopic myomectomy 16-33 % and hystero- 
scopic myomectomy 8-35 %. They therefore con- 
cluded that uterine arterial embolisation could be 
considered as a primary treatment for uterine 
fibroids as a fertility sparing technique. 


Alternative Non-invasive 
Techniques of Treating Uterine 
Leiomyomata 


Magnetic resonance guided focused ultrasonogra- 
phy uses ultrasound waves as a means of deposit- 
ing heat thereby thermally ablating leiomyomata, 
this is a non-invasive technique and is performed 
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under conscious sedation in an MRI scanner. In 
theory this procedure does not decrease ovarian 
reserve and would not be associated with intra- 
abdominal adhesions. Its use is mainly for smaller 
uterine fibroids and while shrinkage of the leimo- 6. 
myomata has been reported up to 20 % [17] 
because of the lack of interference with the ovar- 

ian blood supply and other complications of uter- 

ine arterial embolisation this may be a promising 
technique. However, to date no long-term data in 
terms of the effects on subsequent pregnancies + 
after this procedure has been reported. 


Key Practice Points 

1. The role of uterine artery embolisation 
in women with infertility remains 
controversial. 

2. An MRI scan is essential for assessment 
of the fibroid before deciding to perform 
embolisation. 

3. Persistent symptoms after uterine artery 
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Part V 


Obesity and Reproductive Surgery 


Omar Thanoon, Paul Dewart, and Tahir Mahmood 


Obesity has become one of the leading chal- 
lenges facing health care providers around the 
world. According to the World Health 
Organisation (WHO), individuals who are over- 
weight or obese have excessive fat that may lead 
to impairment of health, in particular an increased 
risk of developing cardiovascular disease and 
cancer. 

Body mass index (BMI) is used as a way to 
classify individuals according to their weight. It 
is calculated by dividing the person’s weight in 
kilograms by the square of their height in meters 
(kg/m?). Normal weight is defined as a BMI 
between 18.5 and 24.9 kg/m?. Overweight is a 
BMI equal to or greater than 25 kg/m”. The WHO 
sub-classifies obesity into class 1 (BMI 
30-34.9 kg/m’), class 2 (BMI 35-39.9 kg/m’) 
and class 3 (BMI >40), which is described as 
morbid obesity. It is well recognised that higher 
the BMI, the greater the likelihood of functional 
impairment. 

It is estimated that over the past 5 years the 
incidence of obesity has nearly doubled. 
Worldwide in 2008, 35 % of adults over the age 
of 20 were overweight and 11 % were obese. 
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According to data published by the WHO, there 
were 300 million obese women in 2008 [1]. 

Obesity is a known risk factor for a number of 
Gynaecological diseases, such as menstrual 
problems, infertility, prolapse, urinary inconti- 
nence and endometrial cancer. Not only does the 
incidence of these problems increase with 
increasing obesity, but the management is often 
also more difficult. 


Laparoscopy Versus Laparotomy 
in the Obese Patient 


Laparoscopic surgery has revolutionized gyneco- 
logical practice and it is now increasingly used for 
the diagnosis and treatment of both benign and 
acute gynecological conditions: management of 
ectopic pregnancy, ovarian cysts, hysterectomies 
(total or subtotal laparoscopic or vaginal assisted), 
treatment of endometriosis, infertility preserving 
treatment, endometrial cancer and advanced urog- 
ynaecological vault prolapse surgery. 

Life threatening complications such as injury 
to bowel and major blood vessels are fortunately 
rare, and are principally related to laparoscopic 
entry into the peritoneal cavity. Since obesity 
makes it more difficult to achieve a pneumoperi- 
toneum, traditionally obesity was considered a 
relative contraindication to laparoscopic surgery 
[2]. However, the advantages of the laparoscopic 
approach in terms of reduced recovery time and 
hospital stay, combined with the reduced risk of 
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thrombo-embolic disease and wound infection, 
have persuaded gynaecologists that a laparo- 
scopic approach to many gynaecological condi- 
tions is preferable to a laparotopmy for the 
majority of obese women [3]. 

Eltabbakh et al. showed that obese women 
with endometrial cancer can be safely managed 
with laparoscopic surgery, the laparoscopic 
approach was associated with shorter hospital 
stay and less postoperative morbidity compared 
to the patients treated with Laparotomy [4]. 

Heinberg et al., comparing total laparoscopic 
hysterectomy in obese versus non obese women, 
demonstrated that total laparoscopic surgery can 
be safely performed in obese patients with simi- 
lar complications rates to those with a normal 
BMI [5]. 

Advantages of laparoscopic surgery over open 
surgery include shorter hospital stay, less postop- 
erative analgesia requirement, quicker recovery 
and early mobilization, which is of special impor- 
tance in obese patients as early mobilisation 
reduces the risk of venous thromboembolism, a 
major cause of morbidity and mortality in obese 
patients following surgery [6]. 

Obese women also have increased anesthetic 
risks, an understanding of these is essential in order 
to ensure that any surgical procedure can be carried 
out as safely as possible. The adverse cardiovascu- 
lar and respiratory changes associated with obesity 
have to be taken into consideration when planning 
surgical treatment for these women [6]. 


Physiological Changes in the 
Obese Patients 


Cardiovascular System 


Cardiovascular disease is the leading cause of 
both morbidity and mortality in the obese patient. 
There is an increased risk of ischemic heart dis- 
ease, hypertension and heart failure. A Scottish 
health survey showed that the prevalence of car- 
diovascular disease was 37 % in adults with a 
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BMI more than 30 compared to only 10 % in 
adults with a BMI of less than 25 [7]. 

Hypertension is common in obese patients 
with 60 % of obese patients have mild to moder- 
ate hypertension and 5-10 % have severe hyper- 
tension [8]. 

There is an increase in extracellular volume, 
higher cardiac output and a larger stroke volume. 
Cardiac arrhythmias are more common in obese 
patients and may be caused by a number of fac- 
tors including hypoxia, electrolyte disturbance, 
myocardial hypertrophy and fatty infiltration of 
the conducting system [9-11]. 

The association between obesity and cardio- 
myopathy is well recognised [12, 13]. Autopsy 
studies have shown that there is a 20-55 % 
increase in cardiac diameter, ventricle size and 
cardiac weight for the obese patient compared to 
the non-obese patient [14]. 

The use of the laparoscopic approach in hae- 
modynamically unstable obese women with a 
large haemoperitoneum for an acute procedure 
such as a ruptured ectopic pregnancy remains 
challenging, but perhaps would be still preferable 
to laparotomy in experienced hands. 


Respiratory Changes 


Obesity is associated with a decrease in functional 
residual capacity (FRC), expiratory reserve vol- 
ume (ERV) and total lung capacity [15, 16]. This is 
caused by reduced chest wall compliance because 
of the excess body weight around the ribs and under 
the diaphragm. Oxygen consumption and car- 
bon dioxide production are increased in the obese 
patient because of the metabolic activity of the 
increased amount of adipose tissue. Furthermore, 
functional residual capacity is reduced in the obese 
patients when lying in supine position with an 
impaired tolerance for the Trendelenburg position 
for the laparoscopic surgery. The functional resid- 
ual capacity is further compromised by anesthesia 
to levels lower than closing capacity resulting in 
airway closure and hypoxemia [15, 17]. 
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Gastric Function 


Obese patients are at an increased risk of gastric 
acid aspiration during surgery because of large 
gastric volume, increased predisposition to 
reflux, lower gastric pH and delayed gastric emp- 
tying [18, 19]. 


Drug Distribution 


Obese patients have altered pharmacokinetics 
due to smaller total body water, increased adi- 
pose tissue and increased blood volume and 
altered renal blood flow [10]. All these changes 
are important in understanding challenges faced 
by the anesthetists in order to optimize their tech- 
niques, and may be a limiting factor for total 
duration of surgery as well. 


Challenges in Laparoscopic Surgery 
for the Obese Patient 


Preoperative Assessment 


An extensive and thorough preoperative assess- 
ment of the obese patient is very important 
prior to undergoing laparoscopic surgery. A 
complete examination of the respiratory and 
cardiovascular systems should be performed 
looking for hypertension, sleep apnea obstruc- 
tive pulmonary disease and peripheral vascular 
disease [10]. 

Preoperative investigation should include a 
blood glucose level, full blood count, renal and 
liver function tests [20]. Other routine preopera- 
tive investigations in an obese patient are chest 
X-ray and echocardiogram. 

There is no strong evidence to support the rou- 
tine use of pulmonary function tests in obese 
patients preoperatively, and these tests should 
only be performed in obese patients with a his- 
tory of smoking, sleep apnea, asthma and other 
obstructive airway diseases [6, 21]. 
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Anesthetic Challenges 


Ideally all patients with morbid obesity should be 
assessed by a consultant anesthetist in the pre- 
operative assessment unit. Women with excessive 
fat around the neck and a short neck are at an 
increased risk of failed intubation. One of the 
main challenges in the anesthetic management of 
the obese patient is the maintenance of adequate 
oxygenation [22]. As a good practice, perhaps 
two experienced anesthetists may pair up to sup- 
port each other during complex procedures. 

During anesthesia, obese patients in supine 
position require a 15 % higher minute ventilation 
to maintain normocarbia [22]. Pneumo- 
peritoneum causes a reduction in lung compli- 
ance more in the obese patient than the non obese. 

Sprung et al. showed that the largest detrimen- 
tal effect on respiratory mechanics is attribut- 
able to increased weight on the chest wall in the 
supine position [22]. Pneumoperitoneum adds to 
the increased inspiratory resistance, and requires 
higher minute ventilation and pressures to main- 
tain satisfactory oxygenation. Oxygenation 
is also affected by the pneumoperitoneum or 
Trendelenburg position, the steeper the head down 
position, and the higher the pneumo-peritoneum 
pressures, the greater the problem becomes. An 
inbalance between perfusion and ventilation 
within the lung tissue is exacerbated by these fac- 
tors, resulting in increased difficulty for the anaes- 
thetist to maintain oxygenation for these patients. 

Those patients who tolerate the induction of 
anaesthesia and supine positioning are likely to 
tolerate pneumoperitoneum and Trendelenburg 
position as well, however the length of the proce- 
dure is important, and if prolonged may result in 
anaesthetic difficulties. 


Patient Positioning 
There is little information in the literature regard- 


ing the ideal patient positioning in obese patients. 
Lamvu et al. [6] recommended the use of padded 
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stirrups with extra paddings around the ankles 
and knees. They also used large towels under the 
shoulder blades in patients with large breasts to 
elevate the head above the patient's chest to aid 
with intubation. The same study recommended 
the use of a gel pad under the patients back to 
prevent the patient from slipping. 

The arms can be gently tucked at the patient’s 
side in the supine position. This allows the sur- 
geon to stand comfortably at the patients’ side 
without any interference from the arms. 

It is important to assess the upper weight limit 
of each table in each operating theatre. Operating 
rooms should be equipped with large cuff blood 
pressure and monitoring equipment, and large 
pneumatic boots. 


Pneumoperitoneum and Trocar 
Placement 


Gaining access into the intraperitoneal cavity can 
be challenging in the obese patient. Different 
entry approaches for Veress needle/laparoscope 
have been recommended: 

e Trans-umbilical Veress needle insertion 


e Trans-umbilical open approach (Hasson 
technique) 

e Sub costal Veress needle insertion (Palmers 
point entry) 


e Trans-uterine Veress needle insertion 
e Trans-umbilical direct entry with visualisation 
port 
It is important to recognise that, Obesity per se 
brings anatomical changes as the distance 
between the skin and peritoneum is increased in 
obese women making the placement of the Veress 
needle in the peritoneal cavity more difficult. 


Table 14.1 Instrument 
placement in laparoscopy: 
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Furthermore, obesity also alters the distance 
between the umbilicus and the bifurcation of the 
aorta [23], the position of the umbilicus is usually 
more caudal to the aortic bifurcation [23, 24]. 
Hurd et al. [23] used computerized tomography 
to prove that the umbilicus moves caudally in 
relation with the aortic bifurcation as the BMI of 
the patient increases. In non-obese patients (BMI 
<25), the umbilicus had a median location 0.4 cm 
caudal to the bifurcation, but in 33 % of patients 
the umbilicus was actually cephalad to the aortic 
bifurcation. In overweight (BMI 25-30) and 
obese (BMI >30) patients, the umbilicus had a 
median location 2.4 and 2.9 cm caudal to the aor- 
tic bifurcation, respectively. However, in both 
groups, the umbilicus was directly over the aortic 
bifurcation in 30 % of patients. The same group 
of researchers, again using computed tomogra- 
phy, demonstrated that the distance between the 
umbilicus and peritoneum at a 45° angle from the 
umbilicus into the pelvis, in both non-obese and 
overweight patients, was only 2 cm. In obese 
patients, this distance increased to a median of 
12 cm. Hurd et al. also noted that the distance 
between the umbilicus and the underlying vessels 
was only 6 cm at a 90° angle in non-obese 
patients, but averaged 13 cm in obese patients. 
The introduction of a CO, pneumoperitoneum 
increases these distances. 

Therefore, in non obese patients, it is advised 
to introduce the Veress needle and trocar at 45° 
from the horizontal plane while in obese patients, 
introducing the Veress needle and trocar at 90° is 
more likely to be successful at achieving entry 
into the peritoneal cavity (Table 14.1). 

The Royal College of obstetricians and gyne- 
cologists has published a guideline for preventing 
entry related gynecological laparoscopic injuries 


Distance from umbilicus (cm) 


ae BMI To peritoneum To vessel at 90° Recommended angle 
anatomic distances and 
suggested angles Less than 25 22 63 45° 
25-30 2+1 10+2 45-90° 
More than 30 12(median) 13+4 90° 


Adapted from Hurd et al. [23], with permission 
Data are presented as mean + standard deviation, median, or degrees from horizontal 
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[25] and in this guideline they have recommended 
the use of the trans-umbilical open technique in 
morbidly obese patient to gain access to the intra- 
peritoneal cavity. The guideline also recommends 
that if a Veress needle is used, then the incision 
should be made vertically as deep as possible in 
the base of the umbilicus. 

Pulosi published a case series of 67 obese 
patients undergoing laparoscopic surgery and 
showed that there were no failures with a tran- 
sumbilical open approach after realignment of 
the umbilical access. This entailed assessing the 
position of the umbilicus in relation to a line 
drawn between the two anterior superior iliac 
spines. The umbilicus then was repositioned 
8 cm above this line in its “anatomical” position 
prior to initiating open dissection [26]. 

Santala et al. published a prospective, ran- 
domized study comparing transumbilical and 
transuterine Veress needle placement in obese 
patients found the latter approach useful, but 
recorded a single case of postoperative 

Chlamydial pelvic inflammatory disease. Thus, 
preoperative testing for sexually transmitted dis- 
ease is recommended for this approach [27]. 

The Cochrane of laparoscopic entry tech- 
niques included 28 randomised controlled trials 
with 4,860 patients undergoing laparoscopy. 
Although there was no overall advantage using 
any single techniques in terms of preventing 
major vascular or visceral complications. 
However the cumulative data shows that by using 
open entry technique compared to a Veress nee- 
dle, there was a reduction in the incidence of 
failed entry (odds ratio; (OR)0.12 (95 % CI 0.02- 
0.92). There was also an advantage with radially 
expanding access system (STEP) when compared 
with standard trocar entry, in terms of trocar site 
bleeding (OR 0.31: 95 % CI 0.15-0.62). Finally 
there was an advantage of not lifting the abdomi- 
nal wall before Veress needle insertion when 
compared to lifting in terms of failed entry (OR 
4.44; 95 % CI 2.16-9.13), without an increase in 
the complication rate [28]. 

It is very important to visualise the inferior 
epigastric vessels prior to placement of secondary 
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lateral ports. These vessels are quite often diffi- 
cult to visualise in the morbidly obese patients. 
Therefore incision should be made extremely 
lateral to the edge of the rectus sheath, ensuring 
avoidance of injury to the pelvic sidewall vessels. 
The increased thickness of the abdominal wall is 
more likely to result in inadvertent displacement 
of the lateral ports when instruments are being 
removed or replaced, therefore the use of cuffed 
ports, which will not become displaced during the 
procedure, should also be considered. 

In our practice, laparoscopic surgeons pair up 
for each case. The initial insertion of ports and 
patient preparation for the procedure are carried out 
before the Trendelenburg position is introduced. 
Following the initial insufflations at 20 mmHg, the 
pressure is reduced to 15 mmHg while maintaining 
good visualisation. We believe that these practi- 
cal points could help to reduce operating time and 
reduce the length of time of head down position 
and thereby the anaesthetic challenges. 

Every effort should be made to avoid a post 
operative haematoma which increases the risk of 
pelvic infection and consideration should be 
given to leaving a drain in situ whenever there is 
a significant risk of intraperitoneal bleeding 
post-operatively. 

Obese women are more prone to post opera- 
tive hernias and this risk can be either reduced by 
the use of 5 mm ports or by using a formal deep 
sheath closure [25]. 


Postoperative Care 


A focused approach to postoperative care in the 
obese patient undergoing laparoscopic surgery is 
very important to reduce postoperative complica- 
tions such as pulmonary complication and venous 
thromboembolism by using adequate thrombo- 
prophylaxis. It has also been recommended all 
women be fitted with thrombo- embolic deterrent 
stockings, adequate rehydration and early mobil- 
isation. The use of prophylactic anticoagulants, 
and continued use of pneumatic boots until the 
patient is mobilised should also be considered. 
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Obese patient are at increased risk of post- 
operative atelactasis mainly due to an intraop- 
erative decrease in functional residual capacity 
which in turn may lead to ventilation perfusion 
mismatch and hypoxemia, therefore aggressive 
pulmonary care is essential. This would include 
the use of supplemental oxygen, a semi recum- 
bent position, deep breathing and coughing 
exercise. 

Similarly postoperative analgesia is very 
important to minimise abdominal pain which can 
restrict ventilation and ambulation. Regional 
analgesia can be an excellent option for postop- 
erative pain relief in these patients. 

The incidence of postoperative pulmonary 
emboli can be as high as 12 % in obese patients 
[21], therefore early ambulation is very important 
in obese patients as this will reduce the risk of 
deep venous thrombosis, pulmonary complica- 
tions, ileus, and also eases pain management. 


Conclusion 

The prevalence of obesity is on the rise world- 
wide, and laparoscopic surgeons are facing an 
increasing number of obese patients. 
Laparoscopic surgery is a safe alternative to 
open surgery in obese patients, and the laparo- 
scopic approach has fewer operative compli- 
cations, quicker recovery period, less hospital 
stay and less postoperative pain. 

In gynaecology, all of the surgical proce- 
dures commonly performed through laparo- 
scopic route in women of normal weight 
have been studied and found to be safe in 
obese patients as well. They include adnexal 
surgery, myomectomy, total laparoscopic 
hysterectomy, management of tubal ectopic 
pregnancy, endometrial cancer, and pelvic/ 
para-aortic lymph node dissection [3-5, 
29]. Laparoscopy in these patients should 
involve a careful preoperative evaluation, 
ample preparation, adequate operative time, 
appropriate instrumentation and patient 
counselling. 
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Key Practice Points 

1. Laparoscopic surgery is a safe alterna- 
tive to open surgery in obese patients 
and offers several clear advantages in 
terms of reducing postoperative 
complications. 

2. Careful planning is the key to success- 
ful laparoscopic surgery in the obese 
patient taking into consideration the 
various physiological changes asso- 
ciated with obesity and the surgical 
teams’ experience. 

3. The anatomical changes associated with 
obesity should be taken into consider- 
ation e.g. shift in the position of the 
umbilicus and difficulty visualising of 
the inferior epigastric vessels. 

4. The surgeon should be skilled in alter- 
native techniques for peritoneal access 
e.g. Palmers point entry and open 
laparoscopy. 

5. Consider using cuffed ports to avoid 
recurrent displacement of the ports dur- 
ing the procedure. 

6. Consider the use deep facial closure of 
the port sites to minimise the risk of her- 
nia occurrence. 
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Corinne E. Owers and Roger Ackroyd 


Obesity is a growing problem within both the 
developed and the developing world. Due to the 
increasing availability of food and a more seden- 
tary lifestyle, predictions estimate that if no 
action is taken, over 60 % of adults in the UK will 
be obese by 2050 [1]. 

Obesity is a well-established cause of 
reduced fertility. For many obese people of 
childbearing age, the first life-style recommen- 
dation made for problems with conception is 
weight reduction. By doing this, in many cases, 
fertility can be significantly improved. Obesity 
has been established as a factor in unsuccessful 
in vitro-fertilization; many studies have dem- 
onstrated an increase in failed implantation, 
pregnancy and births, proportional to increas- 
ing BMI [2-4]. 

Although the concept of weight loss sounds 
simple, for many it is extremely difficult, and 
therefore patients often seek medical assistance 
in an attempt to reduce their BMI. For this reason 
more people are seeking bariatric surgery to help 
with weight reduction. 
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Impact of Obesity on Female Fertility 


The effect of obesity on fertility in women is well 
established and researched. 

Problems with fertility often have physical 
manifestations such as an altered or absent men- 
strual cycle and appearance of androgenous fea- 
tures such as hirsuitim, which is often a 
manifestation of polycystic ovary syndrome. The 
reduction in adipose tissue, the lowering of circu- 
lating androgens and return of the spontaneous 
menstrual cycle are all factors in the increased 
fertility experienced by many women after bar- 
iatric surgery. Given the changes that also occur 
due to body image and self esteem, obese women 
are perhaps less likely to engage in sexual activ- 
ity than their non obese counterparts which could 
also affect their ability to conceive naturally. 


Impact of Obesity on Male Fertility 


Although the relationship between male fertil- 
ity and obesity was first described by Avicenna 
in “The Cannon of Medicine”, and was men- 
tioned by other historical scientists including 
Hippocrates, it has been relatively ignored until 
recent times [5]. This is possibly because the 
effects of infertility in males are less evident, and 
rarely investigated. Studies of males within a cou- 
ple seeking fertility treatment showed that men 
with a BMI of >30 kg/m? were three times more 
likely to have subfertility than slimmer men [6]. 
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Obese males have been shown to have decreased 
sperm concentrations, sperm counts [7] and DNA 
fragmentation, although no significant differences 
were seen in morphology or motility [8]. 

There is also a specific hormonal profile associ- 
ated with obese male patients known as hypogo- 
nadotrophic hypoerestrogenic hypoandrogenemia. 
This profile consists of decreased total/free T4 lev- 
els, decreased gonadotropin and increased oestro- 
gen levels within the blood, all of which contribute 
to male infertility [8]. Further factors contribut- 
ing to the risk of infertility in obese male patients 
include the accumulation of fat soluble environ- 
mental toxins, which given the excess of fatty tis- 
sue, can be seen to cause a decrease in fertility [8]. 

Additionally, sexual desire can be reduced 
given the psychological and self esteem issues 
often associated with obesity. In one study, an 
increase in erectile dysfunction was seen for 
obese males compared to their non-obese coun- 
terparts The physical act of sexual intercourse 
can be difficult in cases of extreme obesity, either 
because of difficulty with positioning or because 
of the fat apron and excess suprapubic tissue 
which can effectively hide the penis. In many 
cases, the penis is difficult to see due to sur- 
rounding fat stores, which can cause significant 
difficulties especially with smaller genitalia. The 
scrotum usually hangs below the abdomen in 
order to cool the testes; if obesity is significant, 
the testicles lie closer to fatty tissue, warming 
them back to close to body temperature. 

The issues contributing to both male and female 
fertility in obese patients are complex, and require 
careful consideration. However, the majority of 
issues can be improved by weight loss, especially 
if weight loss is significant. Consequently, bariat- 
ric surgery may be considered a worthwhile and 
cost effective intervention, especially if fertility 
can be returned to normal without the need for 
assisted reproductive techniques. 


Bariatric Surgical Interventions 


Operative intervention is the most successful and 
reliable method of weight reduction. Although not 
to be undertaken lightly, surgery is rapidly becom- 
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ing a safe, effective treatment, especially given the 
advances in laparoscopic surgery. Although the 
risks of surgery such as thrombosis, infection and 
respiratory difficulties are more common in obese 
patients, most are routinely admitted to the high 
dependency post-operatively. Specialist bariatric 
teams include the surgeon, anaesthetist, dietician, 
physiotherapist and psychologist, all of whom 
have expertise in dealing with obese patients. 

There are a number of effective weight loss 
procedures, which range from minor removable 
temporary devices to major, irreversible opera- 
tions, which alter the anatomy of the digestive 
tract. In the UK, the three most common bariatric 
operations include the gastric band, sleeve gas- 
trectomy, and the roux-en-y gastric bypass. 
Procedures can be broadly categorized into 
restrictive and malabsorptive, some of which 
have an element of both. Another temporary non- 
operative method of weight reduction is the 
insertion of an intra-gastric balloon. 


Laparoscopic Adjustable 
Gastric Band 


The gastric band has been one of the most publi- 
cized and popular operations over the last decade, 
although due to the increasing number of long- 
term complications, is becoming slightly less 
popular. Some National Health Service (NHS) 
hospitals in the UK no longer perform gastric 
banding routinely for this reason, although it is 
still a common operation in others. 

Via a laparoscopic approach, the band is placed 
around the upper fundus of the stomach, creating 
a small eggcup sized pouch above it (Fig. 15.1). 
The band is fastened in place and a port, con- 
nected by tubing, placed under the skin usually in 
the left upper quadrant below the ribs. A tunnel is 
created by wrapping the stomach over the band 
and securing with sutures, in an attempt to reduce 
the risk of band slippage. Following the procedure 
(after around 4—6 weeks) the band is inflated with 
saline via the access port, limiting the amount of 
food that can be consumed in any one sitting. 
Food needs to pass through the band into the rest 
of the stomach, before more can be consumed. 
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Fig. 15.1 Placement of a laparoscopic adjustable gastric 
band 


Average weight loss achieved following gas- 
tric banding is approximately 50 % of excess 
body weight loss [9], which although successful, 
is often less than expected by patients. Patients 
are able to control their restriction by having the 
band inflated or deflated, although success with 
the gastric band depends on a high level of patient 
compliance as it is easy to gorge on high calorie 
food, which passes easily through the band. 

The advantage of gastric banding is that the 
procedure is reversible, or in the event of unsuc- 
cessful weight loss, can be converted to another 
procedure. Mortality rates following surgery are 
approaching zero, and in most cases, banding 
surgery requires only a one-night stay in the 
hospital. 

Unfortunately however, long-term complica- 
tions are relatively common following gastric 
band surgery, and more so than in the larger oper- 
ations (i.e. gastric sleeve or bypass). Symptomatic 
band slippage can be seen in up to 14 % of cases, 
although the true rate of slippage is likely to be 
much higher [10]. Band erosion into the stomach, 
although uncommon, necessitates removal. Port 
infections, erosions or flippage can be seen in 
approximately 10-15 % of cases [10]. 
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Fig. 15.2 Sleeve gastrectomy 


Sleeve Gastrectomy 


The sleeve gastrectomy has been gaining in pop- 
ularity over the last decade. Laparoscopically, the 
surgeon uses a stapling device to staple along the 
length of the stomach, removing the majority of 
the fundus, leaving a thin tube of lesser curve 
(Fig. 15.2). Through this, food passes down and 
out of the stomach, but the volume is significantly 
restricted. 

Although the sleeve gastrectomy is thought to 
alter metabolism slightly in that hormones pro- 
duced in the stomach which affect eating (i.e. 
ghrelin) are reduced, the sleeve is primarily a 
restrictive operation. Patients require multivita- 
mins lifelong to offset any nutritional abnormali- 
ties caused following the sleeve, and this is 
especially important in the context of post- 
operative fertility and pregnancy. 

Weight loss is usually around 60-75 % of 
excess body weight [11] and this amount of 
weight can significantly alter comorbidities. 
Diabetes resolution for example has been shown 
in 50-90 % of patients at 3 years [12]. 

The sleeve gastrectomy is an irreversible pro- 
cedure. In cases where significant weight loss has 
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not been achieved, it can be converted to a roux- 
en-y gastric bypass with relative ease. The mor- 
tality for sleeve gastrectomy approaches zero 
[13], and long-term complications are signifi- 
cantly fewer than with gastric banding. In the 
short term following surgery, complications 
include staple line bleed or leak, port site haema- 
toma and operative risks such as pulmonary 
embolism, myocardial infarction and wound 
infection. Long-term, the main complications 
include a stricture at the staple line, which may 
need endoscopic dilatation, or laparoscopic port 
site hernia. 

As the sleeve is primarily a restrictive opera- 
tion, it can also be cheated by the patient eating 
high calorie foods such as cream and chocolate, 
therefore, like with all operations, the patient 
needs to be committed to changing their eating 
habits and lifestyles before embarking upon 


surgery. 


Roux-en-y Gastric Bypass 


The gastric bypass is often considered the “gold 
standard” of bariatric operations. It contains both 
a restrictive and malabsorptive component, 
thereby assisting the patient to lose on average 
60-80 % of their excess weight. A small pouch of 
stomach, around the size of an eggcup, is created 
by stapling off and separating the majority of the 
stomach. A loop of small bowel is disconnected 
downstream (distance dependent on surgeons 
practice) and the distal end brought up to anasto- 
mose with the stomach pouch (Fig. 15.3). 

The proximal end of bowel, which is still con- 
nected to the duodenum and stomach, is then re- 
anastomosed at a variable distance downstream 
from the gastro-jejunal anastomosis. When con- 
sumed, foodstuffs pass through the pouch, and 
down the jejunum, where it is joined by the diges- 
tive juices from the stomach, pancreas and biliary 
tree at the distal jejunal-jejunal anastomosis. 
Form here on digestion is normal. 

The bypass works by both restricting the vol- 
ume of food that can be consumed in any one sit- 
ting as food has to pass out of the pouch before 
more can be eaten, and by limiting the absorption 
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of food by bypassing on average around 2 m of 
small bowel. Although technically possible, 
reversal of the bypass is extremely difficult and 
will never fully restore normal anatomy. 
Therefore reversal will only be considered in the 
cases of extreme weight loss, although this is 
rare. Operative complication includes myocar- 
dial infarction, pulmonary embolism, anasto- 
motic bleed or leak and port site haematoma. 
Longer-term complications include anastomotic 
strictures requiring endoscopic dilatation and 
hernias, both internal (due to the mesenteric 
defects created) and port site. Rarely, fistulae 
between the remnant stomach and bowel have 
been seen, which generally lead to weight regain. 

Following the bypass, nutritional deficiencies 
are common and therefore patients require daily 
multivitamins, along with yearly blood tests with 
their general practitioner. This is particularly 
important for women attempting to conceive and 
carry a healthy child, therefore it is often advised 


Fig. 15.3 Completed gastrojejunal anastomosis during a 
Roux-en-y gastric bypass 


15 Bariatric Surgery 


that patients take pre-natal vitamins whilst 
attempting to conceive. There is some concern 
that in pregnant women, the growing fetus can 
stretch the bowel and damage the anastomosis, 
although this is not based in evidence and many 
successful pregnancies occur after roux-en-y gas- 
tric bypass. 


Biliopancreatic Diversion 
and Duodenal Switch (BPD + DS) 


The biliopancreatic diversion and duodenal switch 
operations work in a similar manner to the gastric 
bypass, although in many cases the majority of the 
stomach is physically removed. The amount of 
small bowel bypassed is longer, leading to an 
increased degree of malabsorption and malnutri- 
tion. Although excess weight loss can be as high as 
90 %, this procedure is rarely performed in the UK 
due to its severe malnutrition side effects. Today, 
this operation is mainly reserved for those who 
have failed to lose weight following the roux-en-y 
gastric bypass. Given that it is more likely to cause 
nutritional abnormalities and malnourishment, it 
should perhaps not be considered for women who 
wish to have a family after surgery. 


Intra-gastric Balloon 


Not strictly an operation, the intra-gastric balloon 
is placed endoscopically into the stomach and 
inflated. It is left in situ for 6 months, after which 
it is removed endoscopically. This procedure 
does not require a general anaesthetic, therefore 
may seem attractive as a temporary weight loss 
solution. The balloon also works by restricting 
the amount of food that can be eaten as the bal- 
loon fills approximately half the stomach, induc- 
ing early satiety. 

Weight loss following insertion of the intra- 
gastric balloon is usually limited, as the stomach 
can still stretch around it, admitting foodstuffs. 
The balloon is often used as a stop-gap measure in 
patients who are awaiting a bariatric operation, 
but whom desperately need to lose weight in order 
for them to safely undergo a general anaesthetic. 


147 
Weight Regain 


Weight regain is a common problem following 
bariatric surgery. Numerous studies have demon- 
strated significant levels of weight regain, in 
some cases more than 15 % of the excess weight 
lost. Bariatric clinics are increasingly receiving 
referrals from patients whom have previously 
undergone surgery but whom have regained their 
excess weight and who wish to be considered for 
further surgery. Although this is in part to the lim- 
ited dietary and psychological follow up that 
patients receive it is also due to the unrealistic 
expectations of many patients [14, 15] who fail to 
adapt their eating habits following surgery, 
believing instead that surgery is a magic cure. 

Although the concept of weight regain in the 
absence of obesity related comorbidities is less 
troublesome, where comorbidities exist before 
surgery, any weight regain could lead to a resur- 
gence of these medical problems. Many patients 
find their type 2 diabetes or hypertension to recur, 
which will cause problems during pregnancy and 
can lead to hyperglycaemic infants, large for 
dates fetuses and delivery problems. For patients 
who have undergone surgery hoping that their 
fertility will improve, weight regain can prevent 
conception and therefore patients should be 
encouraged to maintain their weight as much as 
possible. Pregnancy itself causes a significant 
number of women to gain weight, much of which 
is not lost after the end of the pregnancy. Women 
who have previously undergone bariatric surgery 
should be aware of this side-effect of pregnancy, 
particularly if they wish to start or continue their 
family at a later date. 


Effects of Weight Loss on Fertility 


Weight loss is generally shown to restore the hor- 
monal balance in male patients to normal [5, 8]. 
However there is one interesting case series that 
has reported complete azospermia in six males 
following roux-en-y gastric bypass, all previ- 
ously successful at producing offspring. This 
study suggested that as a result of surgery, sper- 
matogenesis was altered due to a change in the 
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absorption of the nutrients required for this pro- 
cess [16]. However, no negative impact on sperm 
quality following surgery was seen in a further 
study [5], suggesting that there are other con- 
founding factors in this original case series. 

Although the effects of weight loss upon 
sperm quality and motility are less certain, the 
psychological effects of weight loss upon the sex 
drive and physical aspects of sexual intercourse 
should not be under-estimated. A proportion of 
the population may suffer from body dysmorphia 
which may negatively impact upon sexual desire, 
but this is a small number compared to those who 
have improved body image, self esteem and con- 
sequently, improved sexual drive. In many cases, 
the increased frequency of coitus can improve 
conception rates. In female patients of child bear- 
ing age not trying to conceive, it is especially 
important to discuss contraception before and 
after bariatric surgery. Although no conclusive 
evidence exists, it is thought that the malabsorp- 
tive effects of sleeve and bypass surgery may 
alter the absorption of oral contraceptive medica- 
tions, thereby reducing their effect and predis- 
posing to pregnancy, especially if fertility 
increases as a result of weight loss. 


Post-bariatric Considerations 
During Pregnancy 


For obese women of child-bearing age, weight 
loss prior to pregnancy is recommended, not only 
to improve chances of conception, but also to 
decrease the changes of pregnancy related comor- 
bidities such as gestational diabetes, large for ges- 
tational age fetuses, hypertension and 
pre-eclampsia, or complicated deliveries and cae- 
sarean sections. Studies have shown a decreased 
incidence of these complications in pregnant 
women following bariatric surgery when com- 
pared to a non-surgical comparison group [17]. 
Most bariatric surgeons regularly see women in 
their clinic who have conceived and successfully 
carried a child following bariatric surgery. 
Increasingly however, are reports of adverse out- 
comes for mother and child following a pregnancy 
after bariatric surgery [18]. In most cases these 
complications can be attributed to nutritional 
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deficiencies, more common following malabsorp- 
tive types of surgery, although a number of near 
fatal/fatal neonatal bleeding disorders due to vita- 
min K deficiency exacerbated by surgery have 
also been reported [18]. It is therefore imperative 
that patients becoming pregnant following a mal- 
absorptive procedure should be routinely moni- 
tored throughout their pregnancy to ensure an 
adequate nutritional intake. In patients wishing to 
become pregnant, there are theoretical advantages 
to LAGB over the larger procedures as it can be 
adjusted to allow for extra nutritional intake. 
Indeed it is often recommended that the band is 
emptied if a patient becomes pregnant for the 
duration of the pregnancy. However patients 
struggling to become pregnant due to obesity 
related infertility would probably benefit more 
from a sleeve gastrectomy or gastric bypass. 

Significant weight loss is associated with 
ketosis which can cause foetal abnormalities, 
therefore pregnancy should be avoided during the 
acute weight loss phase [5]. Due to the relatively 
high risk of nutritional deficiencies following 
bariatric surgery, extra care should be taken dur- 
ing pregnancy to ensure that the patient maintains 
a healthy diet and regularly has nutritional mark- 
ers checked. Neonatal complications caused by 
vitamin A deficiency are well described [19, 20]. 
One systematic review noted that 14 studies had 
found premature delivery rates, low birth weight, 
macrosomia and perinatal mortality were slightly 
increased in women following bariatric surgery 
when compared to a non-surgical comparison 
group [17]. Other studies disputed these findings 
and suggest that rates of these complications are 
in fact lower following surgery. 

The most significant complication to the 
mother as a result of pregnancy following bariat- 
ric surgery is the increased risk of internal hernia. 
A known complication of gastric bypass is for a 
loop of bowel to herniate through the defect cre- 
ated in the mesentery. For this reason, most sur- 
geons now close these defects during the original 
operations. 

In terms of time after surgery to conception, 
one study published in 2011 [21] showed no 
clinical difference between patients who con- 
ceive in the first post-operative year after bar- 
iatric surgery when compared to those who 
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conceived after the first year. Their findings 
were supported by a number of other studies all 
of which showed no statistically significant dif- 
ferences between conception during or after the 
first post-operative year [22, 23]. Therefore 
they conclude that although the standard advice 
is to wait for 1 year after bariatric surgery 
before attempting to conceive, this advice is 
theoretical and those who do fall pregnant at 
this time have no more risk to mother or fetus 
than those who wait. Pregnant patients however 
should strongly be advised to contact the dieti- 
cian, who can provide advice and support 
regarding maintaining a healthy diet for both 
mother and child throughout the pregnancy, as 
well as which vitamins to increase. 


Conclusion 

Given the significant impacts of obesity upon 
fertility, for obese couples wishing to improve 
the chances of conceiving without assisted 
reproduction techniques, bariatric surgery can 
be a successful and cost effective intervention. 
It is worth discussing the potential impact of 
surgery with patients attending the reproduc- 
tive clinic, and bariatric surgeons should be 
mindful of the benefits/consequences of sur- 
gery upon fertility, especially in the younger 
patient. 


Key Practice Points 

1. Obesity can have a significant effect on 
both male and female fertility. 

2. Bariatric surgery can significantly 
improve fertility when weight loss is not 
possible by other means. 

3. After surgery patients should be 
monitored and treated for nutritional 
deficiencies. 

4. Laparoscopic adjustable gastric banding 
has a potential advantage in women 
wishing to conceive as the band can be 
adjusted to allow for the additional 
nutritional requirements of pregnancy. 

5. In patients not wishing to conceive, 
additional contraceptive measures 
should be taken. 
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Part VI 


Adhesions 


David Alexander Iles, Gaity Ahmad, 


and Andrew Watson 


Adhesions connect together two or more points 
of organs or tissues that are normally separate. 
Their formation is characterised by an inflamma- 
tory reaction and subsequent abnormal healing 
process resulting in a persistent band of thick or 
thin fibrous scar tissue. Adhesions have the 
potential to cause serious adverse effects: they 
are the leading cause of small bowel obstruction; 
cause secondary infertility; may lead to subse- 
quent operative treatments that are increasingly 
complicated procedures with higher rates of 
inadvertent visceral injury and longer inpatient 
stay [1, 2]. They have also been associated with 
chronic pelvic pain [3], however current evidence 
shows the relationship to be uncertain [4]. They 
are therefore of great importance to patients and 
clinicians and there is a considerable burden 
placed on healthcare resources due to adhesive 
disease [5]. 

Adhesions have been confirmed as the most 
common complication of abdominal and pelvic 


D.A. Iles, BSc (Med Sci), MBChB, MRCOG (4) 
Department of Obstetrics and Gynaecology, Pennine 
Acute Hospitals NHS Trust, Oldham, Manchester, UK 
e-mail: diles@ outlook.com 


G. Ahmad, MBBS, MD, MRCOG 
Department of Obstetrics and Gynaecology, Pennine 
Acute Hospitals NHS Trust, Oldham, Manchester, UK 


A. Watson, FRCOG 

Department of Obstetrics and Gynecology, 
Tameside Foundation Trust, Lancaster, UK 
e-mail: andy.watson @tgh.nhs.uk; 
watsoaj3 @ doctors.org.uk 


M. Metwally, T.-C. Li (eds.), Reproductive Surgery in Assisted Conception, 


surgery, occurring in up to 95 % of patients post- 
operatively [6], yet it has been shown that the 
problem is underestimated by surgeons and gyn- 
aecologists [7]. Surgical principles of good prac- 
tice and techniques have been advocated to try 
and decrease the formation of adhesions caused 
by surgical intervention and a range of physical 
and pharmaceutical agents have been investigated 
as means of prevention. There is considerable 
variation in clinical practice; basing clinical prac- 
tice on the available evidence is complicated due 
to the range of agents and sometimes conflicting 
studies in the literature and a number of meta- 
analysis have been published to help address this 
confusion [8, 9]. In terms of treatment of adhe- 
sions, surgical division (Adhesiolysis) is a com- 
monly performed operation. It is usually 
undertaken to deal with the sequelae of secondary 
infertility with the primary aim in this setting 
being the restoration of the normal anatomy of the 
reproductive organs. Adhesiolysis has also been 
used to try and treat chronic pelvic pain where 
adhesions are present but with no clear evidence 
that it is beneficial [4, 10]. 


Burden of Adhesive Disease 


Adhesion related disease places large require- 
ments on healthcare resources potentially with a 
considerable impact on long-term health and 
quality of life. Costs include primary care 
appointments, outpatient and inpatient hospital 
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episodes, use of theatre time, dealing with opera- 
tive complications, fertility related treatment and 
chronic pain treatment. 

The magnitude of the burden of adhesion 
related disease in the UK was assessed in a num- 
ber of studies published by the Surgical and 
Clinical Adhesions Research group (SCAR). 
Data for these was based on the Scottish National 
Health Service (NHS) medical records data- 
base — known to be one of the largest patient 
linked data sets in the world, validated and accu- 
rate to 1 % [11]. In the first study published, data 
was analysed for adhesion related readmission in 
the 10 year period following all abdominal and 
pelvic surgery that had occurred in the year 
1986. In total, 34.6 % of the 29,790 patients 
operated on were readmitted a mean of 2.1 times 
for a cause directly or possible related to adhe- 
sions, or for surgery that had the potential to be 
complicated by adhesions. The first year follow- 
ing initial surgery had the largest proportion of 
the total readmissions (22.1 %) but readmissions 
continued steadily to 10 years [12]. Re-applying 
an estimation of costs to their calculated model 
in 2006, direct UK costs of adhesion-related re- 
admission for a given year of surgery was calcu- 
lated to be in excess of €152 million after 10 
years, with cumulative year on year costs over a 
10 year period calculated to be over €908 million 
[13, 14]. 

An analysis of the inpatient burden of abdomi- 
nal and gynaecological adhesiolysis in the United 
States found that in the year 2005, a total 967,332 
days of care were attributable to adhesion-related 
procedures, with inpatient expenditures totalling 
$2.3 billion [15]. 


Pathogenesis of Adhesions 


Formation of adhesions is the result of an aber- 
rant healing process after local tissue injury to 
the peritoneum. It is a complex process, with 
many biochemical and molecular biological 
pathways being shown to play important roles. 
The peritoneum is a serous membrane lined by 
fluid secreting mesothelial cells. An underlying 
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connective tissue layer formed by collagen and 
glycoproteins contains lymphatic and vascular 
structures with nerve fibres present supplying 
the secretory cells. In vitro studies have shown 
a range of substances to be secreted and 
expressed by these cells. These factors can 
enter the fluid of the peritoneal cavity though 
facilitated transport systems, exudation and 
transudation [16] with the peritoneal fluid con- 
taining leucocytes, macrophages, eosinophils 
and basophils. 

Initial injury to the peritoneum can occur from 
a variety of events; infection, surgical and elec- 
trosurgical trauma, chemical irritation and radia- 
tion. The common result is a hypoxic injury 
resulting in an inflammatory reaction with subse- 
quent formation of a fibrin matrix. Fibroblasts 
and macrophages are attracted and collagen is 
deposited, the matrix organised and finally bro- 
ken down into fibrin degradation products 
(FDPs). However, if the fibrin matrix persists an 
adhesion forms. This can occur as a consequence 
of decreased fibrinolytic activity [16]. 

The fibrinolytic system is responsible for the 
breaks down of the fibrin clot: plasminogen in the 
systemic circulation is converted to plasmin by 
tissue plasminogen activator (tPA); plasmin 
cleaves fibrin to FDPs and production can be 
inhibited by plasminogen activator inhibitor 1 
and 2 (PAII and PAI2). The importance of these 
inhibitors of clot breakdown in adhesions has 
been investigated and over expression of PAI in 
adhesion tissue and peritoneal tissue around the 
site of adhesions has been demonstrated [17, 18]. 
Other enzyme systems affecting the destruction 
of parts of the matrix may also be important — the 
ratio of metalloproteinases (MMP) and tissue 
inhibitors of their action (TIMP) have been 
shown to be affected by surgical manipulation 
and hypoxia [19]. 

Other cytokines have been investigated with 
levels of pro-inflammatory cytokines noted to be 
higher (TNF-a, IL-6) and lower concentrations of 
anti-inflammatory cytokines (IL-10, INF-A) 
in the presence of adhesions [16, 20-22]. 
Transforming growth factor- (TGFB) can regu- 
late ratios of tPA/PAT and MMP/TIMP [23] and 
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can stimulate angiogenesis and fibrogenesis [24]. 
Over expression of TGFB has been associated 
with increased formation of adhesions [25]. 

Angiogenesis is thought to be increased in the 
adhesion formation process. The levels of 
Vascular Endothelial Growth Factor (VEGF), an 
important regulator of angiogenesis, has been 
shown to be higher in adhesion fibroblasts com- 
pared to normal peritoneal fibroblasts under 
hypoxic conditions [26]. Other important differ- 
ences between adhesion and normal peritoneal 
fibroblasts have been demonstrated. For example, 
when stimulated by hypoxia, apoptosis was 
inhibited in adhesion fibroblasts whereas it was 
enhanced in the normal cells [27]. The process of 
formation of adhesions occurs through a critical 
7 day period, with no new adhesions occurring 
after day 7 [28]. 


Effect of Pregnancy on Adhesions 


Pregnancy may alter the pathophysiological pro- 
cesses involved with adhesion formation; there is 
some evidence that adhesions are less frequent 
after caesarean delivery compared to other open 
surgery. Recorded rates at second caesarean 
range from 24 to 46 % with higher rates at subse- 
quent caesareans [29]. Pregnancy has been asso- 
ciated with changes in some of the established 
markers of adhesion development [30]. However, 
contrary to the observation of reduced adhesion 
formation, these changes result in decreased 
fibrinolytic activity which would favour adhesio- 
genesis according to the current pathophysiologi- 
cal models. It may be that the lower frequency 
of adhesions observed is therefore due to greater 
tissue perfusion due to the physiological changes 
in pregnancy. Other hypotheses are based on the 
unique surgical insult at caesarean; the lower 
segment is incised by a single incision along 
the distribution of muscle fibres, with the blad- 
der covering it during healing. The wound fibres 
are therefore at rest which would promote good 
healing, whilst the constant filling and emptying 
of the bladder may disrupt fibrinous adhesive 
strands projecting from the wound [30]. 
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Types, Sites and Severity 
of Adhesions 


Adhesions can form between any intraperitoneal 
organ and a damaged serosal surface. They can 
be congenital or acquired. Congenital adhesions 
(for example, from the sigmoid colon to left pel- 
vic side wall) are a common and usually asymp- 
tomatic incidental finding [31]. 


Abdominal Adhesions 


Abdominal adhesions can be clinically relevant 
in fertility surgery despite not directly affecting 
the reproductive organs. Safe trocar placement at 
laparoscopy can be dependent on anticipating 
adhered viscera under the site of entry. Any pre- 
vious surgical incision is important as adhesions 
are most common between omentum and wound. 
Adhesions to the anterior abdominal wall can be 
present in 70 % of patients with a midline vertical 
laparotomy and 25 % of patients after transverse 
incision [32, 33]. One third of these adhesions 
will involve bowel with higher rates of involve- 
ment if the previous incision extended above the 
umbilicus [34]. 

An important abdominal finding in the investi- 
gation of subfertility, perihepatic “violin” string 
adhesions between the liver capsule and the ante- 
rior abdominal wall can often be demonstrated in 
patients that have had Fitz-Hugh-Curtis syn- 
drome (acute right upper quadrant pain associ- 
ated with perihepatitis, pelvic inflammatory 
disease and sexually transmitted infection) [35]. 


Pelvic Adhesions 


The extent to which adhesions of the pelvis inter- 
fere with the processes leading to fertilization and 
implantation depends on their exact location and 
extent [36]. All of the pelvic viscera can poten- 
tially become sites of adhesion after endometrio- 
sis, pelvic inflammatory disease, infection and 
surgery. Adhesions at the uterus are common after 
myomectomy; similarly, peri-ovarian adhesions 
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1/3—2/3 enclosed >2/3 enclosed 


Table 16.1 American fertility society classification of adnexal adhesions 
Adhesions 
Right ovary Filmy 1 
Right Dense 4 
Adnexa Right tube Filmy 1 
Dense 4 
Left ovary Filmy 1 
Left Dense 4 
Adnexa Left tube Filmy 1 
Dense 4 


From AFS [42], with permission 


2 4 
8 16 
2 4 
8° 16 

4 
8 16 

4 
8° 16 


“If fimbriated end of fallopian tube is completely enclosed, change point assignment to 16 


have been described following ovarian wedge 
resection and biopsy [37]. Adhesions in contact 
with the fallopian tubes may distort their anatomy 
or separate them from the ovary. Adhesions may 
contribute towards distal non-occlusive tubal dis- 
ease with microadhesions contributing to fimbrial 
agglutination and phimosis [38]. 


Scoring Systems 


Between individuals affected by adhesive disease 
there can be considerable variation in incidence, 
severity and extent of the actual adhesions pres- 
ent. Grading systems to provide standardisation 
and produce scores to aid comparison and prog- 
nosis have been developed but are not widely 
used in clinical practice. Due to the number of 
different scoring systems used in published 
research studies often it is difficult to compare 
the results of different surgeons and provide a 
meaningful statistical analysis. This has resulted 
in difficulty comparing the efficacy of treatments 
and prevention agents in meta-analysis [8, 9]. An 
ideal scoring system would be easy to recall, 
quick to perform, and give reproducible results 
between operators whilst also delineating grades 
of disease according to prognosis. 

Hulka proposed a classification system for 
adnexal adhesions in fertility surgery. The extend 
of the disease was classified as stage 1 if most or 
all of the surface of the ovary was visible; stage 
2 in over 50 % of the ovary visible; stage III, less 
than 50 % of the ovary visible; stage IV none of 
the ovarian surface visible [39]. 


Wu and Gocial developed a scoring system 
for infertility surgery that added scores for 
three components; adhesions, salpingitis and 
tubal occlusion. In the adhesion component 
pelvic adhesions were classified according to 
location — right and left tubal (T), right and left 
ovarian (O), uterine (H) bladder (B), intestinal 
(I) or omental (M). At each site they were then 
graded for extent — mild (1), moderate (2), 
severe (3), extensive (4). A relative weight of 
two was assigned to tubal and ovarian adhe- 
sions due to their deleterious effect on fertility 
(the scores would be multiplied by two). The 
maximum score was 48. High correlations in 
scoring this adhesion component were noted 
between the two authors in 50 concurrent cases 
(A 0.952) [40, 41]. 

The most widely used scoring system for 
adhesive disease was designed by the American 
Fertility Society (AFS) as a modification of 
their previously published AFS score for endo- 
metriosis [42] (Table 16.1). The overall grade 
of adhesions disease is calculated as minimal, 
mild, moderate and severe according to the 
total score for each adnexa with arbitrary 
numerical values between the levels. There are 
important features of this scoring system to 
consider: prognosis for conception is based on 
the score applied for the adnexa with the least 
pathology; subjective differentiation is made 
between filmy and dense adhesions; if the fim- 
briated end of the fallopian tube is completely 
enclosed, the highest point assignment score 
(16 points) is given for the respective tube. 
Separate scores are calculated for the right 
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and left adnexa from the combined tube and 
ovary scores. The maximal point score on each 
side is 32 [42]. 

Some authors have modified this system. In 
the Intergel Pivotal Study, a modified AFS 
score was calculated (mAFS score). In this 
score, the same method and score for an indi- 
vidual site was used but a total of 24 individual 
anatomical sites was included; the final score 
was an average of these sites (final score 0-16) 
[43]. Other authors have used a similar mAFS 
score [44]. 

There is some evidence of a direct correlation 
between AFS adhesion score and pregnancy 
rate. In one study the classification of minimal, 
mild, moderate and severe correlated with 70, 
67, 17 and 10 % rate of pregnancy respectively. 
In this study there was also a direct correlation 
between adhesion groups and follicle recovery 
and embryo transfer at in-vitro fertilization [45]. 
However in a study looking at 55 pairs of sur- 
geons evaluating surgical video recordings cor- 
relation in calculating the AFS score was less 
than a third (A 0.7) [46]. 


Effects on Fertility 


Adhesions are thought to be responsible to 
15-20 % of all cases of secondary female 
infertility [47]. The effect on fertility observed 
could be due to a number of different possible 
mechanisms. 


Mechanical Tubal Blockage, 
Distortion of Tubo-Ovarian 
Relationships, and Reduced Mobility 
of Reproductive Viscera 


Adhesions can distort the normal anatomy of the 
fallopian tube with or without causing tubal 
blockage. There can be fimbrial disease that 
affects the normal function or adhesions that 
completely enclose the fimbria. Adhesions can 
also lead to significantly distorted relationship or 
mobility of the uterus, tubes and ovaries resulting 
in reduced ovum pickup [10]. 
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Ovarian Compromise and Follicular 
Entrapment 


There has been conflicting evidence regard- 
ing this as an explanation for adhesion related 
infertility. A study by Mahadevan et al. found 
fewer follicles present after stimulated cycles in 
patients with peri-ovarian adhesive disease [48]. 
Similarly, Molloy et al. noted that there was a 
poor oestradiol response and fewer follicles in 
patients with severe pelvic adhesions (“frozen 
pelvis”) in the studied IVF programme [49]. 
Bowman et al. correlated a higher AFS score 
with raised basal FSH concentration (a possible 
marker of ovarian compromise) although all FSH 
values were in the normal range [50]. Possible 
mechanisms were proposed for these findings — 
follicular entrapment limiting the enlargement 
of developing follicles, compromised ovarian 
blood supply due to contortion of adnexal struc- 
tures or as a primary consequence of the initial 
insult that led to the adhesions [48, 51]. Contrary 
to the above evidence, a subsequent study pub- 
lished by Diamond et al. [51] looked at the effect 
of peri-ovarian adhesions on follicular develop- 
ment after ovarian stimulation for [VF-embryo 
transfer. The authors concluded that follicular 
development as assessed by E2 level the day 
after administration of HCG, and ultrasound was 
not impaired by adhesions [51]. 


Ectopic Pregnancy 


This is an important cause of failure to achieve a 
live birth. Non-occlusive tubal disease and adnexal 
adhesions may distort the anatomy and alter motil- 
ity and transit leading to ectopic pregnancy [52]. 


Effects on Assisted Conception 
Techniques 


The significance of pelvic adhesion disease in 
respect to fertility is reduced for patients that are 
undergoing reproductive medicine techniques 
such as in-vitro fertilisation and embryo transfer. 
Transvaginal oocyte recovery has reduced the 
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importance of ovarian access that would previ- 
ously have required adhesiolysis in laparoscopic 
recovery [10]. As described above, there is no 
clear evidence that folliculogenesis is impaired 
by peri-ovarian adhesions and it is generally con- 
sidered not necessary to perform adhesiolysis 
prior to an IVF cycle with ultrasound guided fol- 
licular aspiration. 


Diagnosis, Investigation 
and Treatment of Adhesions 


Laparoscopy is the gold standard for the diagno- 
sis of intraperitoneal adhesions; it has the impor- 
tant benefit of allowing adhesiolysis when 
performed by a suitably experienced surgeon on 
properly consented patient. Less invasive investi- 
gative and screening techniques have been pro- 
posed as a means of reducing the number of 
negative laparoscopies or to allow appropriate 
patient counselling for further diagnostic or ther- 
apeutic investigations, none have yet found their 
way into routine clinical practice [53, 54]. 

Transvaginal ultrasound has been studied in 
the diagnosis of pelvic adhesions. Guerriero et al. 
calculated sensitivity and specificity of three 
ultrasound markers to indicate the presence of 
adhesions — blurring of the margins of the ovary, 
fixation of the ovary to the uterus and augmenta- 
tion of the usual distance of the ovary from the 
probe. The last two findings were only consid- 
ered if they persisted after abdominal palpation. 
Adhesions were confirmed by laparoscopy within 
2 days of the scan. If there was at least one posi- 
tive marker present then sensitivity of the investi- 
gation was 93 %, specificity 53 %. If all three 
markers were positive then sensitivity was 30 % 
and specificity 94 % [55]. Hysterosalpingography 
is able to detect proximal tubal occlusion but has 
been shown to have a low accuracy and is of no 
use for the detection of peritubal adhesions (sen- 
sitivity 65 %, specificity 83 %) [56]. 


Adhesiolysis 


Adhesiolysis is a commonly performed proce- 
dure [57] and the efficacy of this operation in 
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patients with infertility was demonstrated by 
Tulandi et al. [58]. The authors showed a cumula- 
tive pregnancy rate at 12 and 24 month follow up 
after open salpingoovariolysis of 32 and 45 %, 
compared to 11 and 16 % in a non-treated group 
with no significant difference in the degree of 
adhesions prior to treatment [58]. 

Lysis of adhesions can be open or laparo- 
scopic. Division through the laparoscopic route 
can be performed by electocoagulation, laser or 
sharp dissection (with blunt dissection sufficient 
in some filmy adhesions) [10]. Gomel and Semm 
described the technique of adhesiolysis [59, 60]. 
Identified adhesions are put under traction with 
grasping forceps or a probe and then divided in 
layers using scissors with electrocoagulation or 
laser used for vascular adhesions [10]. 

Adhesiolysis can be considered “high-risk” 
surgery and is associated with a considerable risk 
of inadvertent enterotomy, occurring during lapa- 
roscopic entry or during adhesiolysis itself [61]. 
Bowel perforations are recognised during the 
operation in only 35 % of patients, the majority 
being recognised a mean of 4 days after the injury 
[62]. Consideration of open versus Veress needle 
for laparoscopic entry and use of primary trocar 
placement in the left upper quadrant have been 
advocated as ways to reduce these risks in high- 
risk laparoscopy [1]. 

The twin problems of reformation of the 
divided adhesions in addition to de-novo adhe- 
sions at new intraperitoneal sites limits the bene- 
fit of surgical adhesiolysis. The rate of reformation 
of the lysed adhesions has been reported as 
55-100 % [10]. In a multicentre trial using an 
early second-look laparoscopy after the initial 
procedure, de novo adhesions were noted at sites 
that were adhesion free at the initial surgery in 
51 % [63]. De novo adhesion formation has been 
found to be influenced various surgical covariates 
including surgery duration, blood loss, number 
and size of incision, suturing and number of 
knots [64]. 


Second Look Laparoscopy 


The use of a “second-look” laparoscopy has 
been suggested to identify and treat re-formed 
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and de-novo adhesions. The rationale behind 
it is to prevent the transformation of fibrinous 
attachments into permanent adhesions, advo- 
cated by some surgeons to be performed a week 
from the adhesiolysis. Others have advocated a 
delayed approach after 3-12 months to allow 
selection of patients in which pregnancy has 
not occurred [61]. However, there has not been 
evidence that the use of SLL enhances fertility. 
Results from meta-analysis of two trials com- 
paring pregnancy rates between patients under- 
going fertility surgery and patients having a 
second-look laparoscopy have shown no signifi- 
cant difference in pregnancy rate or live births 
[65—67]. The use of SLL in a clinical role is not 
recommended [10, 68]. 


Prevention of Post-operative 
Adhesions 


The clinical complications and burden of adhe- 
sion disease has been established, furthermore 
the difficulty with treatment due to the high risk 
of lysed adhesions reforming and secondary sur- 
gery causing de novo adhesions. It is generally 
accepted therefore that the best solution to the 
overall problem would be prevention. Prevention 
falls into two broad categories. The first category 
can be thought of as choices of surgical tech- 
niques available in an attempt to minimise the 
surgical insult leading to adhesion formation. 
The second category is the use of anti-adhesion 
agents at initial surgery, through pharmacological 
action or physical separation of viscera with 
solid, liquid and gel barriers. 


Surgical Techniques That Influence 
Formation 


Good Surgical Principles 


The principles of microsurgery in fertility sur- 
gery were described by Levinson and Swolin 
[36]. These points of good surgical practice theo- 
retically reduce peritoneal and visceral injury, 
inflammation and presence of the fibrinous clot 
that leads to adhesion formation. 
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The techniques and principles that have been 
advised in this regard are as follows [36, 68, 69]: 
e minimally invasive surgery 
e tissue sparing techniques 
e gentle tissue handling 
e sparing use of electrocautery to elicit a metic- 
ulous haemostasis 
e removal of clot with irrigation 
e excision of necrotic tissue 
e minimising operating time 
e reducing peritoneal dehydration with moist 
swabs and lavage 

e use of a low insufflation pressure after trocar 
insertion at laparoscopy 

e using humidified gases at laparoscopy to avoid 
desiccation 

¢ limiting foreign bodies — sutures, meshes, sur- 
gical glove powder 

e use of fine, inert, absorbable sutures 

e adherence to surgical asepsis and use of anti- 
biotics as appropriate 


Laparoscopy Versus Laparotomy 


The route of operative treatment may be an 
important factor in the process of formation of 
adhesions but evidence for laparoscopic route 
versus laparotomy is conflicting. Cohort studies 
have observed a lower incidence of adhesions 
when laparoscopic surgery is performed com- 
pared to open surgery [32, 70]. However, when 
the SCAR group examined data from 1996 for 
gynaecological surgery in Scotland, there were 
comparable risks of adhesion related readmis- 
sions in 15,197 patients that underwent laparo- 
scopic surgery and 8,849 patients that had 
laparotomies. The exception was laparoscopic 
sterilization which had a low risk of adhesion- 
related readmission (0.2 %). 

Laparoscopy may be beneficial because the 
magnitude of surgical insult may be less with 
reduced tissue handling and contamination. It 
is also thought to have a favourable effect on 
haemostasis, causing a tamponade effect with 
a milder effect on the peritoneal plasminogen 
system [71]. However, there has been evidence 
in animal studies that the pneumoperitoneum 
created in laparoscopic surgery may desiccate 
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the peritoneum, cause mesothelial hypoxia by 
affecting peritoneal perfusion and thus creating 
reactive oxygen species that promote the devel- 
opment of adhesions [72]. Adhesion risk has 
been shown to increase with time and insufflation 
pressure [73, 74]. Considering clinical outcomes 
and the incidence of adhesions, a systematic 
review and meta-analysis concluded that there 
was little evidence for the surgical principle that 
using less invasive techniques reduced the extent 
and severity of adhesions [65]. 


Peritoneal Closure 


The closure of the parietal peritoneum at laparot- 
omy remains controversial. The healing process of 
remesothelisation at peritoneal healing is different 
from the reepithelialisation of skin. Rather than 
proliferation of the epithelial cells from the periph- 
ery inwards, the peritoneum becomes mesotheli- 
alised simultaneously regardless of the size of 
injury [16]. Malvasi et al. performed light micros- 
copy and scanning electron microscopy on speci- 
mens taken from patients at repeat caesarean, 
having had closure of the peritoneum in their first 
caesarean and concluded that closure appeared to 
enhance the inflammatory reaction [75]. 

A recent systematic review found three trails 
eligible for meta-analysis and found that adhe- 
sions were less after non-closure of the perito- 
neum [65]. Two of these trials were in patients 
operated upon with ovarian cancer [76, 77], the 
other after caesarean section [75]. A Cochrane 
systematic review of non-closure versus closure 
of the peritoneum at caesarean section also sup- 
ported non-closure. However, in contrast to these 
results, Lyell et al. published a prospective cohort 
study of women undergoing first repeat caesarean 
delivery and found parietal peritoneal closure to 
be associated with significantly fewer dense and 
filmy adhesions; the authors concluded that the 
practice of non-closure should be questioned [78]. 


Methods of Haemostasis 


Electrocautery and laser can both used to achieve 
haemostasis after division of vascular adhesions. 
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In a prospective randomized study comparing the 
carbon-dioxide laser and microdiathermy needle 
there was no difference in pregnancy rate at 2 
year follow-up [79]. In a study comparing use of 
electrocautery and the Nd:YAG laser on polycys- 
tic ovaries, second look laparoscopy 3—4 weeks 
after surgery demonstrated a similar number of 
adhesions (85 % electrocautery and 80 % laser) 
with no significant difference in pregnancy rate at 
6 months [66]. 


Foreign Bodies: Gloves, Sutures, 
and Mesh 


Attempts should be made when possible to mini- 
mise any foreign bodies being introduced into the 
intraperitoneal environment, in order to prevent 
needless trauma and reduce inflammatory reac- 
tion. One such foreign body is surgical glove 
powder, which can be deposited in the abdominal 
cavity and result in the formation of adhesions. 
Lycopodium was used as a glove powder until the 
1930s when it between realised that the chemical 
caused granulomas and adhesion formation; tal- 
cum powder used in the 1940s was shown to have 
similar complications; a modified cornstarch 
powder was introduced in 1947. There have been 
similar concerns about adhesion formation with 
this powder and many authorities have banned 
the use of powdered gloves in clinical environ- 
ments [80]. 

Suturing promotes adhesion formation and it 
is known that choice of suture material can influ- 
ence formation in animal models [81, 82]. Fine, 
non-reactive and absorbable sutures are advised 
to be used when possible [83]. Mesh products are 
another type of foreign body commonly used in a 
range of intra-peritoneal surgery. Bioprosthetic 
mesh in vitro appears to elicit fewer lower-grade 
adhesions than synthetic mesh [84]. 


Ovariopexy 


Transient abdominal ovariopexy is a technique 
used in pelvic surgery for endometriosis. The 
aim is to separate the suspended ovary from the 
pelvic sidewall during initial peritoneal healing 
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in an attempt to prevent adhesion formation and 
hopefully improve fertility outcome. A retro- 
spective study was performed to assess adhesion 
formation after ovariopexy. It showed signifi- 
cantly decreased adnexal adhesions scores at 
second look laparoscopy performed at a mean 
of 12 months later with the authors concluding 
it a safe, simple and effective procedure [85]. 
Adverse effects of ovariopexy on adhesions 
have been reported [86] but a retrospective study 
looking specifically at safety of this operation 
showed encouraging short and long-term results. 
These were assessed by immediate complica- 
tions (occurring in 0.7 %) and long term vaginal 
access to the ovaries, ovarian function and vas- 
cularisation [87]. 


Prophylactic Anti-adhesion Agents 


Many agents have been investigated to try and 
provide a means of preventing adhesions and 
they generally fall in to two groups. The first are 
pharmacological agents that modulate the immu- 
nological and fibrinolytic process involved in the 
formation of adhesions. The second group of 
agents are barrier agents that have their effect by 
physically separating apposing raw peritoneal 
surfaces. The ideal barrier agent should be non- 
reactive, non-inflammatory, non-immunogenic, 
persist through the healing process over at least 
3 days, stay in place without sutures, remain 
active in the presence of blood and be completely 
biodegradable [8, 68]. In addition, the ideal agent 
must be cost-effective; an agent that satisfies all 
these criteria has not yet been identified [88]. 

A large number of barrier agents have been 
designed and trialled, many published studies 
looking at individual agents small and a number 
of systematic reviews and meta-analysis have 
been performed and published. The types of bar- 
riers for purposes of meta-analysis in two 
Cochrane reviews have been divided into hydro- 
flotation agents, gel barriers and solid barriers 
[8, 9]. Meta-analyses for this diverse range of 
interventions in the heterogeneous and complex 
clinical problem of adhesion disease are faced 
with significant challenges in providing evidence 
for their use. The lack of important clinical out- 
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comes recorded such as pregnancy rate, live birth 
rate and quality of life data means that the main 
body of evidence that has been gathered is for 
secondary outcomes that rely on a subjective 
assessment of amount of adhesion disease pres- 
ent. Wide variation in the scoring systems used 
and format the recorded data is presented in has 
limited inclusion of trials. Additionally, most tri- 
als lack differentiation between de novo adhesion 
and reformed adhesions. Many of the trials are 
commercially funded. 

The evidence for the use of adhesion preven- 
tion agents in Obstetrics and Gynaecology has 
been the subject of a scientific impact paper pro- 
duced by the Royal College of Obstetricians and 
Gynaecologists [88]. The subsections below con- 
sider the main evidence for the groups of agents. 


Pharmacological Agents 


Steroids were assessed in a Cochrane review by 
Metwally et al. [8]. Five studies involving women 
undergoing elective open microsurgery for infer- 
tility were identified, with a range of methods of 
administration (systemic, intraperitoneal and 
post-operative hydrotubation). Meta-analysis 
failed to demonstrate a reduction in adhesion for- 
mation or an improvement in pregnancy rate. 

Individual randomised controlled trails have 
looked at intraperitoneal pelvic irrigation with a 
heparin solution [89], systemic administration 
the anti-histamine promethazine [90] and intra- 
peritoneal instillation of noxytioline (an antibac- 
terial agent) [91]. None of these have found to be 
affective in adhesion prevention [88]. Non- 
steroidal anti-inflammatory drugs have not under- 
gone randomised controlled trials for adhesion 
prevention in humans and this lack of data limits 
recommendation of their use. 


Barriers 


Hydroflotation Agents 

Hydroflotation agents are administered as a peri- 
toneal instillate. Crystalloid solutions, Icodextrin 
and Dextran have been used for this purpose. A 
meta-analysis performed by Wiseman et al. on 
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350 studies using crystalloids did not show evi- 
dence of a reduction in adhesion formation [92]. 
The failure of crystalloid solutions as an anti- 
adhesion agent is attributed to the rapid absorp- 
tion from the peritoneal cavity, therefore not 
being present to separate structures before the 
healing process is complete [88]. 

Dextran was considered in Cochrane meta- 
analysis, with four randomised controlled trails 
examining the use of instillation of 32 % Dextran 
70 against control groups of either Ringer’s solu- 
tion or normal saline. No difference was found in 
the mean adhesion score or pregnancy rate. 
Dextran facilitates the development of a large 
transudate in the peritoneal cavity but it is likely 
that this is reabsorbed before healing is complete. 
Significant adverse effects of dextran have been 
reported including anaphylaxis, pleural effusion 
and peritonitis [8, 88]. 

Four percent Icodextrin ADEPT® (Baxter, 
Norfolk, UK) is a cornstarch derived, water solu- 
ble glucose polymer, functioning as a colloid 
osmotic agent and allowing retention of a fluid 
reservoir within the peritoneal cavity for 3—4 
days [93]. There have been three randomised 
controlled trials with conflicting results. The first 
of these compared Icodextrin to Ringer’s solution 
in 62 randomised patients and recorded a mAFS 
score at second look laparoscopy without finding 
a benefit [94]. Brown et al. conducted a multicen- 
tre trial which studied 449 patients randomised to 
icodextrin or Ringer’s solution. They found a sig- 
nificant reduction in number of adhesion sites 
and number of patients with de-novo adhesions 
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[95]. Trew et al. published a double blind, multi- 
centre trial with 498 participants randomised to 
Icodextrin or Ringer’s solution. The authors con- 
cluded that although the trial confirmed the safety 
of Icodextrin, there was no evidence of a clinical 
effect as measured by the mean AFS score reduc- 
tion or incidence of de novo adhesions [64]. As 
all three of these studies used different outcome 
measures of adhesions at SLL as detailed above, 
meta-analysis has not been possible. 


Gel Agents 

Gel agents comprise hyaluronic acid derivative 
products and polyethylene glycol based precur- 
sors. Hyaluronic acid is a polysaccharide of high 
molecular weight and a component of many body 
tissues. It is absorbed from the peritoneal cavity 
within 7 days. Several gel products based on this 
macromolecule have been developed. 

A Cochrane meta-analysis [8] included four 
randomised controlled trials; HYALOBARRIER® 
(Anika Therapeutics, Massachusetts, USA) 
(auto-cross linked hyaluronic gel) used at lapa- 
roscopic myomectomy in infertile patients [96], 
GYNECAREINTERGEL® a0.5 % ferric hyaluro- 
nate gel (Ethicon, New Jersey, USA) (0.5 % fer- 
ric hyaluronate gel) [43, 97] and SEPRACOAT® 
(Genzyme Corporation, Massachusetts, USA) 
(dilute hyaluronic acid solution) [98] used in 
laparotomy for benign gynaecological surgery. 
There was a significant reduction in the propor- 
tion of adhesions in women treated with hyal- 
uronic acid derivatives when compared to no 
treatment or placebo [8] (Fig. 16.1). Two of these 


Study or subgroup Treatment Control Odds Ratio Weight Odds Ratio 
n/N n/N M-H, Fixed, 95 % Cl M-H, Fixed, 95 % Cl 
Diamond 1998 119/137 103/108 E 25.1 % 0.32 [0.12, 0.89] 
Johns 2001 12/131 33/134 E- 49.2 % 0.31 [0.15, 0.63] 
Lundorff 2001 4/38 6/39 a 8.8 % 0.65 [0.17, 2.50] 
Pellicano 2003 5/18 14/18 —_a—_ 16.8 % 0.11 [0.02, 0.50] 
Total (95 % Cl) 324 299 < 100.0 % 0.31 [0.19, 0.51] 
Total events: 140 <Treatment), 156 (Control) 
Heterogeneity: Chi? = 2.94, df = 3 (P = 0.40); 1? =0.0 % 
Test for overall effect: Z = 4.60 (P < 0.00001) 
0.01 01 1 10 100 


Favours Treatment 
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Fig. 16.1 Comparison of Hyaluronic acid versus no hyaluronic acid, for outcome of proportion of adhesions at second 
look laparoscopy (From Metwally et al. [8] , with permission) 


16 Adhesions: Effects on Fertility and Prevention 163 
Treatment Control Odds Ratio F Odds Ratio 
Study or subgrou ; Weight 
y oe n/N n/N M-H, Fixed, 95 % CI 9 M-H, Fixed, 95 % CI 

Johns 2001 7/131 20/134 E 81.0 % 0.32 [0.13, 0.79] 

Lundorff 2001 0/38 4/39 ——_ 19.0 % 0.10 [0.01, 1.97] 
Total (95 % Cl) 169 173 <> 100.0 % 0.28 [0.12, 0.66] 
Total events: 7 (Treatment), 24 (Control) 
Heterogeneity: Chi? = 0.54. df = 1 (P = 0.46); 7 =0.0 % 
Test for overall effect: Z = 2.93 (P = 0.0033) 

0.001 0.01 0.1 1 10 100 1000 
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Fig. 16.2 Comparison of Hyaluronic acid versus no hyaluronic acid, for outcome of deterioration of adhesion score 


(From Metwally et al. [8], with permission) 


PEG adhesion barrier Control Odds Ratio Odds Ratio 

Study or subgroup Events Total Events Total Weight M-H, Fixed, 95 % CI M-H, Fixed, 95 % CI 

Mettler 2008 13 38 13 20 59.9% 0.28 [0.09, 0.87] -E 

Mettler 2004 15 22 16 18 29.9% 0.27 [0.05, 1.60] —_—— 

Current Study 7 9 6 6 10.2 % 0.23 [0.01, 5. 73]~ " 

Total (95 % CI) 69 44 100.0% 0.27 [0.11, 0.87] => 
Total events: 35 35 

Heterogeneity: Chi? = 0.01, df = 2 (P = 0.99); P=0% H + 1 


Test for overall effect: Z = 2.51 (P = 0.005) 


0.01 0.1 1 10 100 
Favours Experimental Favours Control 


Fig. 16.3 Comparison of PEG Barrier versus control, for outcome total incidence of adhesions, results of meta- 


analysis (From Ten Broek et al. [101], with permission) 


studies also recorded a separate outcome of dete- 
rioration in adhesion score, showing a signifi- 
cant reduction with the gel agents compared to 
no treatment [8] (Fig. 16.2). HYALOBARRIER® 
gel was also the subject of a meta-analysis of 
five trials demonstrating a significant reduction 
in intrauterine adhesions after hysteroscopic sur- 
gery and a non-significant reduction in intraperi- 
toneal adhesions after laparoscopic surgery [99]. 
Pellicano et al. also studied HYALOBARRIER® 
and demonstrated a significant improvement 
in pregnancy rate 12 months after laparoscopic 
myomectomy [96]. INTERGEL® was voluntarily 
withdrawn from the market in 2003 after reports 
of late-onset post-operative pain and repeat sur- 
gery following the onset of pain. In some patients 
a residual material was present at the subsequent 
surgery. 

A Cochrane review of anti-adhesion agents in 
non-gynaecological abdominal surgery [100] 
performed meta-analysis of six randomised con- 
trolled trials using SEPRAFILM® (Genzyme 
Corporation, Massachusetss, USA), a Hyaluronic 
acid/ Carboxymethy] cellulose membrane. This 


demonstrated a significant reduction in the inci- 
dence, extent and severity of peritoneal adhesions 
but not in the incidence of bowel obstruction or 
the need for operative intervention in adhesive 
intestinal obstruction [100] . 

SPRAYGEL™ (Confluent Surgical, 
Massachusetts, USA) is a Polyethylene Glycol 
based liquid precursor that is applied as a spray, 
forming a gel barrier within seconds on the target 
tissue. Ten Broek et al. [101] performed a meta- 
analysis of three RCT using this agent in laparo- 
scopic treatment of benign gynaecological 
disease and showed a significant reduction in the 
incidence of adhesion formation (Fig. 16.3). 


Solid Agents 

Oxidised regenerated cellulose is available as 
GYNECARE INTERCEED® (Ethicon, New 
Jersey, USA), and can be cut as necessary, 
requires no suturing and is absorbable. It forms a 
protective coat within eight hours of application 
and is absorbed within 2 weeks [9]. It has to be 
used after haemostasis is complete. In meta- 
analysis of 12 RCTs, INTERCEED® was 
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Peto Odds Ratio Peto Odds Ratio 


Study or subgroup n/N n/N Peto, Fixed, 95 % CI Weight Peto, Fixed, 95 % CI 
1 De novo 
Mais 1995b 10/25 22/25 — 65.3 % 0.13 [ 0.04, 0.41 ] 
Saravelos 1996 6/13 4/12 E 34.7 % 1.67 [ 0.35, 8.02 ] 
Subtotal (95 % CI) 38 37 100.0 % 0.31 [ 0.12, 0.79 ] 
Total events: 16 0, 26 0 
Heterogeneity: Chi? = 6.65, df = I (P = 0.01); I? =85 % 
Test for overall effect: Z = 2.45 (P = 0.014) 
2 Reformation (or mixture) 
Keckstein 1996 6/14 9/14 E 28.2 % 0.44 [ 0.10, 1.87 ] 
Mais 1995a 4/16 14/16 <————_ 31.7% 0.09 [ 0.02, 0.34 ] 
Wallweiner 1998 6/20 14/20 -E 40.1% 0.21 [ 0.06, 0.71 ] 
Subtotal (95 % Cl) 50 50 m 100.0 % 0.19 [ 0.09, 0.42 ] 
Total events: 16 0, 37 0 
Heterogeneity: Chi? = 2.57. df = 2 (P = 0.28); I? =22 % 
Test for overall effect: Z = 4.15 (P = 0.000033) 
Test for subgroup differences: Chi*= 0.62, df = 1 (P = 0.43), I? = 0.0 % 
01 02 05 1 2 5 10 
Interceed No barrier 


Fig. 16.4 Comparison of Interceed versus no treatment at Laparoscopy, for outcome incidence of adhesions (From 


Ahmad et al. [9], with permission) 


Study or subgroup Treatment Control Peto Odds Ratio Weight Peto Odds Ratio 
n/N n/N Peto, Fixed, 95 % Cl Peto, Fixed, 95 % Cl 
1 De novo 
Subtotal (95 % Cl) 0 0 0.0 % 0.0 [ 0.0, 0.0] 
Total events: 0 (Treatment), 0 (Control) 
Heterogeneity: not applicable 
Test for overall effect: not applicable 
2 Reformation (or mixture) 
Azziz 1993 29/70 53/70  —=— 26.8 % 0.25 [ 0.13, 0.48 ] 
Franklin 1995 14/30 22/29 = 11.2% 0.30 [ 0.11, 0.84 ] 
Li 1994 22/33 25/34 — 11.1% 0.72 [ 0.26, 2.05 ] 
Nordic APSG 1995 65/109 77/108 E 38.6 % 0.60 [ 0.34, 1.05 ] 
Sekiba 1992 3/20 12/20 <= 7.5% 0.15 [ 0.04, 0.54 ] 
Van Geldorp 1994 10/16 1315 <——+——_+—_ 48% 0.29 [ 0.06, 1.44] 
Subtotal (95 % Cl) 278 276 <> 100.0 % 0.39 [ 0.28, 0.55 ] 
Total events: 143 (Treatment), 202 (Control) 
Heterogeneity: Chi? = 7.90, df = 5 (P = 0.16); I? = 37 % 
Test for overall effect: Z = 5.33 (P < 0.00001) 
Test for subgroup differences: Not applicable 
$ f f f 1 1 
0.1 0.2 0.5 1 2 5 10 
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Fig. 16.5 Comparison of Interceed versus no treatment at laparotomy, for outcome incidence of adhesions (From 


Ahmad et al. [9], with permission) 


associated with reduced incidence of adhesions 
compared to no treatment for reformed adhesions 
after laparotomy and laparoscopic surgery 
(Fig. 16.4), and de novo adhesions after laparo- 
scopic surgery [9] (Fig. 16.5). Studies making up 
the analysis were small, and it was noted by the 
authors that there was a chance of bias when 
measuring de novo adhesions as the initial adhe- 
sion score would be lower. 

Gore-Tex® (W.L Gore & Associates, Arizona, 
USA) is an expanded polytetrafluoroethylene and 


has been marketed as the GORE®°PRECLUDE® 
Peritoneal Membrane. It is inert and non- 
absorbable. It must be sutured in place and 
removal necessitates a second surgical procedure. 
The evidence for its use is limited and conflicting 
in two studies examined by the Cochrane system- 
atic review [9]. Korell et al. [102] failed to show 
effectiveness on formation of de novo adhesions 
following myomectomy at laparoscopy whilst 
Haney et al. [103] reported a significant reduc- 
tion in the extent of adhesions and adhesion 
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Table 16.2 Total no. and estimated costs of all adhesion related consultant episodes with theoretical 25 % reduction 
and total cost incurred for anti-adhesion treatment assuming agent used in every case of primary surgery 


Financial Total no. 

year of adhesion Total cost of 
related adhesion related 
episodes episodes (£m) 

2004/05 15,214 29.30 

2005/06 15,254 29.83 

2006/07 15,807 31.15 

2007/08 15,909 30.98 


Data from Wilson et al. [13, 103] 


score. However, incidence of adhesions in the 
INTERCEED® group was much higher than in 
studies comparing INTERCEED® with placebo 
[9]. The manufacture of GORE® PRECLUDE® 
Peritoneal Membrane has been discontinued. 


Summary of Evidence and Current 
Opinion 


Evidence exists that the use of hyaluronic acid 
derivate gels, PEG based derivative gels and the 
solid barrier INTERCEED® can reduce the inci- 
dence, severity and proportion of intra-peritoneal 
adhesion formation when used during laparos- 
copy or laparotomy in benign gynaecological 
surgery. There is little evidence that pharmaco- 
logical and hydroflotation agents provide any 
benefit as anti-adhesion prophylactic agents in 
this setting. To date there are no RCTs examining 
the use of anti-adhesion agents at caesarean 
section. 

Despite this evidence, the authors of RCOG 
Scientific Impact Paper No.39 do not recommend 
the use of these agents in current practice at the 
present time due to a lack of evidence to demon- 
strate cost-effectiveness [88]. The only study on 
cost-effectiveness of adhesion barriers was con- 
ducted in the setting of use after caesarean sec- 
tion. It was calculated that the rate of small bowel 
obstruction after caesarean required to justify 
their use would need to be 2.4 %, a rate far higher 
than that observed with this operation [104]. 
Financial modelling based on the NHS payment 
by results system in England estimated that an 
anti-adhesion agent costing £110 per unit, lead- 
ing to a 25 % reduction in adhesion prevalence 


Total cost of Total cost of agent 


25 % agent for 25 % for 25 % savings 
savings savings at £110 at £300 unit (m) 
(£m) unit (£m) 

7.32 6.68 13.36 

7.46 6.72 13.44 

7.79 6.92 13.84 

7.74 7.00 14.00 


could have saved the NHS around £700,000 dur- 
ing the studied period of years 2004—2008. The 
analysis showed that the routine use of an agent 
costing £300 would eliminate the potential sav- 
ings (Table 16.2) [105]. Prices for the different 
agents still commercially available tend to fluctu- 
ate; when these calculations were published, the 
authors found few available at a cost that would 
make economic sense. 

Other specialist bodies have made similar 
conclusions. The Practice Committee of the 
American Society for Reproductive Medicine in 
collaboration with the Society of Reproductive 
Surgeons in the United States produced a docu- 
ment concerning control of peritoneal adhesions 
in gynaecological surgery recently [69], recom- 
mending that although some surgical barriers 
have been demonstrated to be effective for reduc- 
ing post-operative adhesions, there is no substan- 
tial evidence that their use improves fertility, 
decreases pain, or reduces the incidence of post- 
operative bowel obstruction [69]. 


Conclusion 

Many clinicians and patients are still unaware 
of the magnitude of the complications of 
adhesion-related disease and there are impor- 
tant implications for patient consent and pro- 
fessional education [106]. Complications 
resulting from post-operative intra-abdominal 
adhesions are the subject of increasing med- 
ico-legal litigation due to visceral injury at 
surgery, failure or delay in diagnosis of adhe- 
sive small bowel obstruction, failure to warn 
the patient of the risks of adhesive complica- 
tions and failure to take precautions against 
the formation of adhesions [107]. 
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There is a need for further high-quality 
studies into the prevention of adhesions, with 
greater standardisation of adhesion scoring 
and a focus on meaningful patient outcomes. 
The recommendations for the use of anti- 
adhesion agents depend both on clearly estab- 
lished efficacy but also cost-effectiveness and 
there is a need to work with pharmaceutical 
companies to ensure affordable solutions to 
maximise patient benefit. 


Key Practice Points 

1. Peritoneal adhesions are the commonest 
complication after abdominal and pel- 
vic surgery and have significant effects 
on fertility. 

2. All surgeons and in particular reproduc- 
tive surgeons should take necessary 
measures to minimise the risk of adhe- 
sion formation 

3. In selected cases adhesiolysis can lead 
to a significant improvement in fertility 

4. Transient abdominal ovariopexy can be 
used to minimise ovarian adhesion for- 
mation after ovarian surgery. 

5. Evidence supports the use of hyaluronic 
acid derivate gels; PEG based derivative 
gels and INTERCEED® for adhesion 
prevention. 
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Dan Yu, Enlan Xia, and Tin-Chiu Li 


Intrauterine adhesions are a result of trauma to 
the gravid or non-gravid uterus. Such trauma 
might derive from curettage of uterus, various 
forms of hysteroscopic surgery, Caesarean sec- 
tions, uterine artery embolisation (UAE) and 
uterine devascularisation. 

Following the trauma to the uterus, endome- 
trial fibrosis, adhesion bands and obliteration of 
uterine cavities may follow. Normal endome- 
trium has two distinctive layers: functional layer 
and basal layer. Damage to the functional layer is 
often followed by regeneration of a new func- 
tional layer from a healthy basal layer. However, 
damage to the basal layer might disrupt the pro- 
cess of endometrial regeneration and promote the 
formation of fibrosed tissue. 

Hysteroscopic adhesiolysis is an effective 
method of treatment for intrauterine adhesions. 
However the procedure is often complicated by 
recurrence of adhesions. Therefore, effective 
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methods are necessary to prevent reformation of 
intrauterine adhesions. 


Methods of Prevention 


To prevent formation of intrauterine adhesions a 
number of strategies have been proposed, namely, 
minimizing the trauma, improving surgical tech- 
niques, enhancing re-growth of endometrium and 
applying intrauterine barriers. 


Minimizing the Trauma 


It is important to prevent any trauma to the uterus, 
especially in the postpartum period when the 
endometrium is particularly vulnerable. 

For patients who have persistent postpartum 
bleeding or retained products of conception, 
blind curettage in this period should be avoided 
as far as possible and hysteroscopy should be 
used. Hysteroscopy provides direct visualization 
of the uterine cavity, increases the accuracy of 
diagnosis, and allows targeted endometrial 
biopsy or precise excision of endometrial lesions, 
which minimizes the trauma to endometrium. 
The cutting loop of operative hysteroscopy could 
work as a curette and used selectively to resect 
the adherent residual tissue, which minimizes 
trauma to the rest of the endometrium. Goldenberg 
et al. [1] described their experience of using cut- 
ting loop of the hysteroscope as a curette in 
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removing residual intrauterine trophoblastic tis- 
sues and achieved complete removal in all 18 
patients. They concluded that selective curettage 
guided by hysteroscopy was an easy and short 
procedure and was preferable to blind curettage. 

In considering the termination of early preg- 
nancy, or the management of incomplete or 
delayed miscarriage, medical treatment should 
be offered to avoid endometrial injury by suction 
or curettage. In a randomized controlled trial by 
Tam et al. [2], 82 women were managed with 
conservative treatment, medical approach, or sur- 
gical evacuation after spontaneous miscarriage. 
There were two cases (2/26; 7.7 %) of intrauter- 
ine adhesions detected in patients managed by 
surgical evacuation, while no case of adhesions 
was observed in those managed conservatively or 
by medical approach. 


Improving Surgical Techniques 


If surgical intervention is inevitable, appropriate 
strategies should be advocated for the prevention 
of intrauterine adhesions. Suction evacuation or 
curettage should be performed gently, with the 
use of either negative pressure suction or a blunt 
(not sharp) curette to decrease endometrial 
damage. 

Scissors or biopsy forceps directed by hyster- 
oscopy permit tissue dissection as well as avoid- 
ance of endometrial destruction related to energy 
sources [3, 4]. Hysteroscopic surgery with the 
use of energy sources has the advantage of pro- 
viding effective and precise resection as well as 
good haemostasis, but there is a possibility of 
endometrial thermal damage [5, 6]. 

When electro-surgery systems are used in 
treatment of intrauterine lesions, especially intra- 
uterine adhesions, the minimal amount of energy 
and an electrode needle rather than a cutting loop 
should be used to avoid further damage of endo- 
metrial tissue. Several studies confirm that proper 
application of electro-surgery could produce suc- 
cessful outcome and minimize further damage 
[6-8]. A second-look hysteroscopy in those at 
high risk of adhesion formation or reformation 
after hysteroscopic surgery should be advocated. 
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Surgical intervention could then be undertaken to 
remove the adhesions at its early stage. 


Pre-operative or Post-operative 
Hormone Treatment 


Some authors proposed that pre-operative admin- 
istration of hormonal endometrial suppressions 
(such as GnRH analogues) could facilitate hys- 
teroscopic surgery by suppressing the endome- 
trium and diminishing the vascularity [9-11]. In 
addition, it might have a role in prevention of 
post-operative intrauterine adhesions; the value 
of such an approach is still unclear [9-11]. Post- 
operative administration of sex steroid hormone 
treatment (oestrogen, progesterone) is usually 
proposed to enhance re-growth of endometrium 
and stimulate re-epithelisation of scarred sur- 
faces. In a randomized study reported by Farhi 
et al. [12], women who were given oestrogen- 
progestin therapy after curettage for first trimes- 
ter abortions (n=30) had significantly greater 
endometrial thickness (0.84 cm vs. 0.67 cm; 
p<0.05) and endometrial volume (3.85 cm? vs. 
1.97 cm’; p<0.05) than women without hormone 
treatment (n=30). However, this study focused 
on endometrial regeneration following intrauter- 
ine surgery and there was no objective evidence 
to confirm the efficacy of hormone therapy 
administrated following hysteroscopic surgery 
on reducing the formation of intrauterine 
adhesions. 

Nowadays, many gynaecologists do use cyclic 
hormone therapy after hysteroscopic surgery as 
an adjuvant treatment for reduction of intrauterine 
adhesions. As the damaged endometrium is less 
responsive to hormone stimulation some authors 
tried to use high-dose estrogens to stimulate rapid 
re-generation of endometrium, as well as pro- 
longed usage of oestrogen to enhance continued 
re-growth of endometrium. Oral progestin has 
been given in the last few days of oestrogen ther- 
apy to induce withdrawal bleeding [13]. 

Different regimens have been suggested. 
Robinson et al. [14] used a high-dose conjugated 
oestrogen at a dose of 2.5 mg per day, which was 
four times the standard physiologic dose for 
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1 month as an adjunctive treatment for postopera- 
tive therapy. Myers and Hurst [15] advocated the 
estrogens pre- and post-operation for 4-10 weeks. 
Another common regime is the use of hormone 
treatment after hysteroscopic surgery for 
3 months, with oestradiol valerate 4 mg/day for 
4 weeks and the addition of progestogen in the 
last 2 weeks of the oestrogen treatment for every 
cycle. However, large randomised control trials 
are needed to evaluate the efficacy and the side 
effects of high dose of oestrogen used for a pro- 
longed period of time. 


Intrauterine Barriers 


Intrauterine barriers include mechanical barriers 
(i.e. intrauterine device, Foley balloon catheter, 
Cook intrauterine balloon and amnion graft) and 
biochemical barriers (i.e. Hyaluronic acid [HA] 
and Seprafilm). They keep the dissected and 
denuded surfaces separated during the initial 
healing phase so as to prevent the readherence of 
opposing surfaces. Simultaneous administration 
of hormone therapy is usually used to promote 
epithelisation of denuded surface. 


Mechanical Barriers 


Intrauterine Contraceptive 

Device (IUD) 

The insertion of an intrauterine contraceptive 
device (IUD) following hysteroscopic adhe- 
siolysis for 1—3 months has been advocated by 
many authors as an effective and widely used 
method to prevent intrauterine adhesions recur- 
rence [16-19]. The placement of an IUD can 
provide mechanical separation of uterine cavity 
to reduce recurrence of adhesions after adhe- 
siolysis. A number of IUDs have been studied. 
A loop-IUD had been considered to be the best 
because of its large surface area [20, 21] but 
this is no longer available in many countries. A 
copper-bearing IUD has been studied in a pro- 
spective observational trial in 48 women [22]. 
Forty patients restored regular menses within a 
few weeks after insertion of the device. March 
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1995 [21] suggested that neither a T-shaped 
IUD nor copper IUD should be used for preven- 
tion of intrauterine adhesions, because a 
T-shaped IUD has a small surface area and a 
copper IUD may induce an excessive inflamma- 
tory reaction. 


Foley Balloon Catheter 

Some authors advocated insertion of a Foley bal- 
loon catheter into the uterine cavity for several 
days after hysteroscopic surgery to maintain sep- 
aration of the uterine walls [23-25]. Amer et al. 
[26] carried out a prospective controlled study to 
evaluate the value of Foley balloon catheter in pre- 
venting intrauterine adhesions after hysteroscopic 
surgery. A paediatric Foley catheter was inserted 
into uterine cavity and the balloon was inflated 
with 3.5 ml normal saline in 32 patients after hys- 
teroscopic myomectomy (n= 15), septal incisions 
(n=5) and adhesiolysis (n= 12). The balloon was 
kept in place for 1 week and a second-look hyster- 
oscopy was performed 6-8 weeks after operation. 
At second-look hysteroscopy, intrauterine adhe- 
sions were found in 7 patients in the study group 
(7/32; 21.9 %) versus 9 patients in the group with- 
out balloon (9/18; 50 %) (P=0.04). They con- 
cluded that the use of an intrauterine balloon after 
operative hysteroscopy was of value in preventing 
intrauterine adhesions. 

In 2003, Orhue et al. [27] compared the use of 
an IUD to that of the Foley balloon catheter after 
hysteroscopic adhesiolysis in preventing the ref- 
ormation of intrauterine adhesions. In the initial 
4 years, IUD was used for 3 months after adhe- 
siolysis (n=51). In the next 4 years, a pediatric 
Foley balloon catheter was used for 10 days after 
adhesiolysis (n=59). The restoration of normal 
menstruation was 81.4 % for patients in the Foley 
catheter group, compared with 62.7 % in the IUD 
group (P<0.05). The need for repeated treatment 
was also significantly less in the Foley catheter 
group than that in the IUD group. They con- 
cluded that the application of Foley catheter was 
more effective than that of IUD for prevention of 
reformation of intrauterine adhesions following 
adhesiolysis. 

In the Fuxing Hospital in Beijing, a size 12-14 
Fr Foley catheter is often placed in the uterine 
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Fig. 17.1 Foley catheter with its tip cut off; after defla- 
tion of the balloon, the Foley catheter is introduced into 
the uterine cavity and inflated with 2.5-5 ml of water 


cavity following hysteroscopic surgery. Before 
insertion of the balloon catheter, the tip of the 
catheter beyond the attachment of the balloon is 
cut off to provide a better conformation to the 
uterine cavity (Fig. 17.1). The balloon is then 
inflated with only 3-5 ml saline to separate the 
opposing uterine walls, as well as to avoid 
increased pressure on the uterine walls. The use 
of a high volume (>5 ml) should be avoided as it 
may produce ischaemia and affect endometrial 
regeneration. A Foley catheter is usually kept in 
place from 5 days to 2 weeks and broad-spectrum 
antibiotics are often used to minimize the risk of 
infection. 


Cook® Balloon 

Some gynaecologists advocate the use of a spe- 
cially designed balloon which has a triangular 
shape instead of a round balloon, as it conforms 
to the normal shape of uterine cavity and main- 
tains opposing walls apart, especially the margins 
of the uterine cavity [13]. The Cook® balloon is 
particularly useful after division of intrauterine 
adhesions, while in cases of adhesions limited to 
endocervical canal or internal cervical os, a Foley 
catheter may be more useful. 

Myers and Hurst [15] carried out a retrospec- 
tive case series to investigate the combined use of 
Cook® intrauterine balloon and intrauterine con- 
traceptive device in women with severe intrauter- 
ine adhesions. After adhesiolysis, the Cook® 
balloon was inserted into uterine cavity and was 
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kept in place for about 3-7 days. Then a copper 
IUD was placed into the cavity and removed 
4-6 weeks later. This combined approach 
achieved favourable outcomes with regards to 
resumed menses, pregnancy and delivery. 


Amnion Graft 

Human amnion has been developed as a biologi- 
cal dressing to promote healing of burned skin 
and skin ulcers [28, 29], as a graft in ophthalmol- 
ogy for ocular surface reconstruction [30, 31], 
and in gynecology in the formation of an artificial 
vagina, and as a barrier to prevent formation of 
postoperative adhesions in abdominal surgery 
[32]. The amnion membrane displays anti- 
inflammatory and anti-bacterial properties, as 
well as having a wound protection effect [33]. It 
also promotes epithelialisation by facilitating 
migration, proliferation or differentiation of epi- 
thelial cells [34-37], reinforcing adhesion of 
basal cells [38], and preventing apoptosis of epi- 
thelial cells [39]. 

Thirdly, it decreases reformation of postopera- 
tive adhesions by reducing inflammation, fibrosis 
and the extent and severity of vascularisation 
[40]. There is little immunologic reaction in 
response to the amnion membrane; so there is no 
need for the use of systemic immunosuppressant. 
Therefore, the amnion membrane is considered 
by some authors as an ideal adjunctive therapy 
following hysteroscopic adhesiolysis. 

In 2006, Amer et al. [41] firstly advocated the 
use of amnion graft in uterine cavity following 
hysteroscopic adhesiolysis for prevention of intra- 
uterine adhesion recurrence and found encourag- 
ing results. They carried out a pilot study involving 
25 patients with moderate or severe intrauterine 
adhesions. After lysis of intrauterine adhesions, a 
paediatric 10 Fr Foley catheter, with amnion graft 
on its surface, was introduced into uterine cavity. 
The balloon was distended with 3.5-5 ml of 
saline. The stem of the catheter was cut off just 
below a knot near the balloon end, so that the bal- 
loon with the graft on its surface was kept in 
uterus. Oral antibiotics were given and the bal- 
loon was removed 14 days later. 

At second look hysteroscopy, significant 
improvement was noted in uterine length and 
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adhesion scores in both moderate group and 
severe group. The reformation of intrauterine 
adhesions was observed in 12 patients 
(12/25=48 %), all of whom were in the group 
with severe adhesions. 

Four years later, the same team reported a pro- 
spective randomized trial to assess the efficacy of 
amnion graft in preventing the reformation of 
intrauterine adhesions [26]. Forty-five patients 
with severe intrauterine adhesions were random- 
ized into three groups: insertion of an intrauterine 
balloon only (group 1), insertion of an intrauter- 
ine balloon with fresh amnion graft (group 2) or 
dried graft (group 3). At second look hysteros- 
copy, there was significant improvement in adhe- 
sion grade with amnion graft groups compared 
with intrauterine balloon alone group. Among 10 
pregnancies achieved in all patients, 8 were in 
amnion graft groups and 2 in group without 
amnion. Therefore, the authors concluded that 
intrauterine administration of amnion graft after 
hysteroscopic lysis of adhesions was a promising 
adjunctive procedure for decreasing recurrence 
of adhesions. 

Peng and Xia [42] applied a fresh amnion 
graft after lysis of intrauterine adhesions in 34 
patients with moderate or severe intrauterine 
adhesions. Fresh amnion was cut and placed 
on the surface of a 14 Fr Foley balloon with the 
chorion side facing outwards. The Foley catheter 
with amnion graft on its surface was inserted 
into uterine cavity at the end of the surgery, and 
3-5 ml saline was injected into balloon. Oral 
antibiotic was given and the balloon was kept 
in place for 7 days. Cyclic hormone treatment 
was given for 3 months. The results showed 
no operative complications and no clinical evi- 
dence of infections. Most of the patients expe- 
rienced significant achievement of menstrual 
flow (31/34=91.2 %). At second look hysteros- 
copy, reformation of intrauterine adhesion was 
detected in 11 cases, and all of them originally 
had severe adhesions. Furthermore, no reforma- 
tion of severe adhesions was observed. They 
concluded that the use of amnion as a biologic 
barrier in prevention of intrauterine adhesion ref- 
ormation was safe and effective. Although these 
studies show promising results large prospective 
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studies with long term follow up data are needed 
to confirm its clinical use. 


Absorbable Barriers 

Some investigators tried absorbable adhesion 
barriers such as hyaluronic acid following hys- 
teroscopic surgery to prevent the reformation of 
intrauterine adhesions. Hyaluronic acid (HA), 
a water-soluble polysaccharide, is a natural com- 
ponent which is widely distributed in a variety of 
tissues, such as the extracellular matrix, the vitre- 
ous humour and synovial fluid of the joint. HA 
has been chemically modified to produce higher 
adhesive property and more prolonged in vivo 
residence time than unmodified HA [43] which is 
more suitable for use in the prevention of adhe- 
sion formation. It has been used as a barrier to 
reduce adhesion formation after abdominal and 
pelvic surgery [44], as well as intrauterine sur- 
gery [45, 46]. 

Modified HA preparations used to reduce the 
formation of adhesions following intrauterine 
surgery includes Seprafilm® and auto-cross- 
linked HA (ACP) gel (Hyalobarrier® gel). 

Seprafilm® is a bioresorbable membrane for- 
mulated from chemically modified HA (sodium 
hyaluronate) and carboxymethyl cellulose, and 
has been widely used in clinical practice. After 
placement of this membrane, it turns into a 
hydrophilic gel in 24 h, and provides a protective 
coating on tissue surface for up to 7 days. 

ACP gel is a fully biocompatible cross-linked 
derivative of HA and is formed by an internal 
auto-cross-linking reaction of pure hyaluronan, 
which does not introduce any foreign substance 
into the molecule [47]. The viscosity of ACP gel 
can be modulated by adjusting the degree of 
crosslinking, which depends on its molecular 
weight and concentration [48]. The increased vis- 
cosity makes it possible to introduce the gel into 
uterine cavity and remain in situ for at least 72 h. 

There has been only one study on the use of 
Seprafilm in preventing intrauterine adhesions 
[45]. In this randomized controlled study of the 
safety and efficacy of Seprafilm, a Seprafilm 
membrane was cut into two pieces, with each of 
them rolled up into a thin cylinder. One cylinder 
was placed in uterine cavity, while the other in 
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cervical canal. Hysterosalpingography (HSG) 
was performed 8 months later to evaluate the uter- 
ine cavity. Fewer patients developed intrauterine 
adhesions in the Seprafilm® group (1/10; 10 %) 
than those in the control group (7/14; 50 %). 

There were several studies on the use of ACP 
gel in uterine cavity for preventing intrauterine 
adhesion formations after hysteroscopic surgery. 
De Iaco et al. [49] carried out a prospective ran- 
domized trial to evaluate the effectiveness of an 
ACP gel (Hyalobarrier® gel) in preventing forma- 
tion of intrauterine adhesions after hysteroscopic 
surgeries. At the end of the hysteroscopic proce- 
dure, the gel (S—20 ml) was introduced into uter- 
ine cavity with a cannula (length 20 cm, width 
5 mm) to cover the entire uterine cavity. Second- 
look hysteroscopy was performed 9 weeks after 
the initial operation. Intrauterine adhesions were 
detected in 5 patients (5/18 =27.8 %) in ACP gel 
group and 7 patients (7/22=31.8 %) in control 
group. There did not appear to be any difference 
between two groups. 

In the same year, Acunzo et al. [46] reported 
the findings of a prospective randomized con- 
trolled study with ACP gel (Hyalobarrier® gel). 
After lysis of the intra uterine adhesions, the gel 
was introduced into the uterine cavity through the 
out-flow channel of the hysteroscope. The injec- 
tion of the gel was monitored with hysteroscope 
and the uterine cavity was fully filled by the gel 
from tubal ostia to internal uterine orifice. Second- 
look hysteroscopy was performed 3 months later. 
At follow-up, the recurrence rate of intrauterine 
adhesions was significantly lower in ACP gel 
group (6/43 = 13.95 %) than that in control group 
(13/41=31.70 %). Furthermore, the severity of 
adhesions was significantly decreased in ACP gel 
group compared with control group. 

In 2004, the same team reported on the use 
of Hyalobarrier gel in preventing intrauter- 
ine adhesions following hysteroscopic surgery 
(resection of myomas, polyps and septae). At 
second look hysteroscopy, intrauterine adhe- 
sions were found in seven patients with the ACP 
gel (7/67= 10.44 %), compared with 17 patients 
without the gel (17/65=26.15 %) (p<0.05). 
They concluded that Hyalobarrier® gel was a safe 
and effective intrauterine barrier in preventing de 
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novo adhesion formation following hysteroscopic 
surgery [50]. 

Ducarme et al. [51] conducted a case-control 
study in order to examine the efficacy of ACP gel 
in preventing adhesions after hysteroscopic sur- 
gery, but had opposite results. No differences 
were observed in both incidence and severity of 
intrauterine adhesions reformation between the 
group with the gel and the group without the gel. 

Mais et al. [52] conducted a systematic review 
and meta-analysis of randomized controlled trials 
on efficacy of ACP gel for adhesion prevention in 
laparoscopy and hysteroscopy, and concluded 
that the limited data so far available suggested 
that ACP gel appeared to have benefits in pre- 
venting intrauterine adhesions after hystero- 
scopic surgery. 


Antibiotics 


While several authors [53-55] suggested that 
infections might be a primary cause of intrauter- 
ine adhesions, many official guidelines (such as 
the American College of Obstetricians and 
Gynecologists guidelines) do not recommend the 
routine use of antibiotics in patients undergoing 
operative hysteroscopy [56, 57]. Bhattacharya 
et al. [58] carried out a prospective randomized 
study on the effect of prophylactic antibiotics 
with intravenous injection of 1.2 g Augmentin 
(co-amoxiclay) at induction of anaesthesia, on 
the incidence of bacteraemia following hystero- 
scopic surgery. They showed that incidence of 
bacteraemia was significantly higher in control 
group (10/61=16 %) than that in the antibiotic 
group (1/55=2 %). Nappi et al. [59] performed a 
double-blind, randomized, placebo-controlled 
study to evaluate the effectiveness of antibiotics 
and the incidence of infections following opera- 
tive hysteroscopy. Antibiotics with 1 g of cefazo- 
lin were given intramuscularly in 523 patients 
during the procedures. Five days after operations, 
5 patients were found with symptoms related to 
infections in antibiotic group (5/523 = 1.0 %) and 
7 in the untreated group (7/523=1.3 %). They 
concluded that routine administration of antibiot- 
ics is not necessary for hysteroscopic surgery. 
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Conclusion 

Prevention of both formation and reformation 
of intrauterine adhesions is a challenging issue 
in clinical practice. A variety of methods have 
been proposed including hormone treatment, 
intrauterine mechanical barriers, such as IUDs 
and intra uterine balloons, which all appear to 
have some benefit. Both Hyaluronic acid gel 
and amnion graft have promising results but 
further robust clinical trials are required to 
confirm their efficacy. 


Key Practice Points 

1. The possibility of intrauterine adhesions 
should always be considered whenever 
an intrauterine surgical procedure is 
being performed particularly following 
pregnancy and miscarriage. 

2. When intrauterine surgery is necessary, 
gentle technique is necessary to avoid 
damage to the vulnerable basal layer of 
the endometrium. 

3. Targeted hysteroscopic procedures 
should be considered in preference to 
blind surgical procedures such as endo- 
metrial curettage. 

4. The use of anti-adhesion agents and sec- 
ond look hysteroscopy should be used 
after intrauterine surgical procedures 
where there is a high risk of adhesion 
formation in women who wish to pre- 
serve their fertility. 
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Part VII 


The Uterine Cavity and Endometrium 


Sotirios H. Saravelos 


There has been a re-ignited interest in the field of 
reproductive medicine and surgery regarding uter- 
ine anomalies, which has been as a result of several 
factors. Progress in non -invasive imaging (such as 
3D ultrasound and MRI) and development and 
widespread experience in endoscopic procedures 
(such as therapeutic hysteroscopy) has meant that 
uterine anomalies have not only been more readily 
identified in the last couple of decades, but are also 
potentially more amenable to surgery. 

The only conundrum that arises when swift 
medical progress allows for these so called 
anomalies to be readily identified is whether first 
they do indeed have a negative impact on women 
and their reproductive potential, and secondly — 
and most importantly — which, if any, treatment 
may be of benefit. 

Recent epidemiological systematic reviews 
and meta-analyses have attempted to shine light 
into these questions as to date there is truly a lack 
of sufficiently powered well designed randomised 
controlled trials (RCTs) exploring surgical ver- 
sus expectant management of uterine anomalies 
to provide a definitive answer to this question. 

The development of new classification systems 
for uterine anomalies is a genuine step forward as it 
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will allow for a correct and universal classification 
of anomalies, which will help not only in the day to 
day clinical practice and management of these 
women but also in the design of appropriately con- 
sistent clinical trials throughout the world. 

In the present chapter all these points will be 
discussed. From a terminology point of view, the 
focus will be on congenital uterine anomalies 
(otherwise known as Mullerian anomalies), as 
acquired uterine anomalies (such as fibroids) will 
be covered in other chapters of this series. 


Embryology 


A short review of the embryology helps gain a 

better understanding of how common and com- 

plex congenital uterine anomalies may form. The 

uterus is thought to form between weeks 8 and 16 

of fetal life from two paired ducts called the 

paramesonephric or Mullerian ducts [1]. The nor- 
mal process involves three vital stages: 

1. Organogenesis, where both the Mullerian 
ducts are developed. 

2. Fusion, where the lower parts of the ducts join 
to form the upper vagina, cervix and uterus, 
while the upper parts remain unfused and 
form the fallopian tubes. 

3. Septal absorption, where the remaining cen- 
tral septum following fusion starts to resorb at 
approximately 9 weeks, eventually leaving a 
single uterine cavity and cervix. 
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It is also important to note the role of the 
mesonephric or Wolffian ducts, as they act as the 
precursor of the genital tract development, and 
along with the Mullerian tubercle form the lower 
part of the vagina [2]. Consequently, abnormali- 
ties in the Wolffian duct may have effects on the 
development of the Mullerian duct and vice versa 
[3]. It is quite characteristic that almost 60 % of 
women with unilateral renal agenesis will have 
some kind of genital anomaly [4], while almost 
40 % of women with a hemi (or unicornuate) 
uterus will have renal anomalies [5]. As a result, 
it is clinically important that if a significant con- 
genital renal anomaly is found, attempts should 
be made in women of childbearing age to investi- 
gate for coexisting genital anomalies and vice 
versa. For example, during an MRI investigation 
for suspected uterine malformation, the pelvis 
along with upper abdomen could be scanned con- 
currently and the radiologist asked to report on 
both genital and renal systems together. 


Classifications 


Disease and pathology often encompass a spec- 
trum of findings. Classifications, such as the 
Tumour Node Metastasis (TNM) staging system, 


| Hypoplasia/agenesis 
a) Vaginal (b) Cervical (a) a 
TT i WT Communicating 
C) Fundal (d) Tubal (e) Combined 


V Septate 
(a) Complete b) Partial 


Il Unicornuate 


VI Arcuate 
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are of real value as they allow to patients to be 
grouped according to disease findings, which 
helps in both describe the prognosis and appropri- 
ate treatment. However, classifications are entirely 
artificial and have therefore understandably sev- 
eral limitations. The topic of congenital uterine 
anomalies is a nice example of how hard it can be 
for the medical community to accept and adopt a 
single classification system and use it universally. 

The first classifications for congenital uterine 
anomalies appear to originate from the mid- 
nineteenth century with descriptions from 
Cruveilher, Foerster and von Rokitansky between 
1842 and 1859 [6]. Several publications describ- 
ing various classifications were subsequently 
published and used interchangeably until Buttram 
and Gibbons proposed a classification based on 
the degree of failure of the Mullerian ducts to 
develop normally, devising groups of anomalies 
with similar manifestations, treatments and prog- 
noses [7]. This was later revised and modified by 
the American Fertility Society (AFS; now known 
as the American Society of Reproductive 
Medicine or ASRM) to provide the most univer- 
sally accepted and used classification for 25 years 
as shown in Fig. 18.1 [8]. 

However, since that classification, a plethora of 
publications appeared in the literature describing 


Ill Didelphus 
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Fig. 18.1 Traditional classification of congenital uterine anomalies as described by the American Fertility Society 


(From AFS [8], with permission) 
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Fig. 18.2 New classification of congenital uterine anomalies as described by ESHRE/ESGE (From Grimbizis et al. 


[12], with permission) 


complex congenital anomalies, which were not 
accounted for in the original classification system. 
Furthermore, although recent advances in imag- 
ing are now allowing for subtle differences 
between anomalies to be detected, the classifica- 
tion did not provide clear definitions which would 
permit making a differential diagnosis between 
them [9]. For example, it was difficult to differen- 
tiate between a complete bicornuate uterus and a 
didelphys uterus, and between a subseptate uterus 
and an arcuate uterus. For this reason several 
novel classifications were proposed, chief 
amongst which was the VCUAM classification, 
which created the subdivisions of the vagina, cer- 
vix, uterus and associated malformations in order 
to systematically describe anomalies [10] and the 
Embryological clinical classification for female 
genitourinary problems proposed by Acien and 
Acien originally in 1992 and subsequently revised 
and updated in 2011 [6, 11]. Unfortunately, nei- 
ther of these classifications were universally 


adopted mainly due to the complexity of their 
nature and also because some of the original dif- 
ficulties with the AFS classification remained 
unresolved. For this reason the European Society 
for Gynaecological Endoscopy (ESGE) and the 
European Society for Human Reproduction and 
Embryology (ESHRE) combined to form a work- 
ing group in order to create a new classification 
system. The final classification was published 
jointly in 2013 and received the wide acceptance 
of the scientific community experts through for- 
mal voting procedures [12]. The new classifica- 
tion system (Figs. 18.2 and 18.3) consists of 
descriptions for all female genital tract malforma- 
tions (not just uterine) and also provides quantita- 
tive guides to allow for diagnosis and 
differentiation between different anomalies. The 
entities of arcuate uterus and didelphys uterus 
have been abolished, and are now incorporated in 
the subdivisions of the septate and bicorporeal 
uteri. Specifically, the septate uterus has been 
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ESHRE/ESGE classification 
Female genital tract anomalies 
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Fig. 18.3 New classification of female genital tract anomalies as described by ESHRE/ESGE (From Grimbizis et al. 


[12], with permission) 


defined as the uterus with normal outline and an 
internal indentation at the fundal midline exceed- 
ing 50 % of the uterine wall thickness, while the 
bicorporeal (previously known as bicornuate) 


uterus has been described as it is characterized by 
the presence of an external indentation at the fun- 
dal midline exceeding 50 % of the uterine wall 
thickness. Finally the anomalies for the cervix 
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Table 18.1 Accuracy of different investigations in the diagnosis of congenital uterine anoamlies 

Diagnostic 

modalities Cases (n) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) 
2D US 350 56 99 96 87 84 

HSG 625 78 90 83 91 86 

SIU 486 93 99 97 98 97 

3D US 679 100 100 100 100 100 

MRI 24 100 100 100 100 100 
Hysteroscopy Used as gold standard 

laparoscopy 


Adapted from Saravelos et al. [13], with permission 


and vaginal have all been accounted for, and 
complex genital tract malformations can be coded 
according to a UCV (Uterus, Cervix, Vagina) sys- 
tem, similar to the TNM system. 


Diagnosis 
Accuracy 


The correct diagnosis of congenital uterine 
anomalies is a difficult task for a number of rea- 
sons. Firstly, because of the use of different clas- 
sification systems, as already mentioned, and 
also secondly, because of the use of different 
diagnostic modalities. The modalities used for 
diagnosing congenital uterine anomalies can be 
2-dimensional ultrasound (2D US), 3-dimensional 
ultrasound (3D US), saline-infusion ultrasound 
(SI US), hysterosalpingography (HSG), mag- 
netic resonance imaging (MRI), hysteroscopy 
and laparoscopy. All of these modalities have dif- 
ferent sensitivities, specificities, positive predic- 
tive values (PPV) and negative predictive values 
(NPV). As a result they are not all appropriate for 
definitive diagnosis and classification of subtypes 
of anomalies. In a recent systematic review, all 
these modalities were reviewed and classified 
into classes Ia, Ib and Ic, according to their accu- 
racy and ability to both identify congenital uter- 
ine anomalies and also diagnose the specific 
subtypes [13]. The results are shown in 
Tables 18.1 and 18.2. It was found that the most 
accurate investigations that could diagnose and 
classify congenital uterine anomalies, namely 
class Ia investigations, where combined hysteros- 


Table 18.2 Classification of different investigations 
according to their diagnostic accuracy 


Class 
I (accuracy >90 %) 


Investigation 

3D US 

SI US 

MRI 
Hysteroscopy/laparoscopy 
2D US 

HSG 


Adapted from Saravelos et al. [13], with permission 


II (accuracy <90 %) 


copy and laparoscopy, 3D US, SI US, and possi- 
bly MRI. Hysteroscopy alone was described as a 
class Ib investigation because it can accurately 
diagnose the presence of a congenital uterine 
anomaly (and can therefore belong to Class I), 
but is unable to correctly classify the subtype of 
anomaly as it does not assess the external contour 
of a uterus. Finally, 2D US and HSG were classi- 
fied as class II investigations as it was found that 
they cannot reliably identify or diagnose congen- 
ital uterine anomalies. 


Differences in Investigative 
Modalities 


There are also other things to consider other than 
the accuracy and reliability of these investiga- 
tive modalities, as they are so intrinsically dif- 
ferent (Table 18.3). For example: invasiveness, 
cost, familiarity, availability and potential uses 
in the context of clinical research. Because of all 
these differences, it remains to be decided what 
the ideal protocol of screening and diagnosis of 
congenital uterine anomalies in women of high 
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Table 18.3 The advantages and disadvantages of different diagnostic modalities used to diagnose congenital uterine 


anomalies 

Diagnostic Non- Measurement Availability/ 

modalities Accurate invasive & storage access Cost Comments 

2D US x y v y Low Role in screening 

3D US v y v Variable Low Most 
advantageous 

SIU y x y Variable Low Increases accuracy 

HSG x x x v Low Concurrent tubal 
assessment 

MRI y v y Variable High Useful in complex 
cases 

Hysteroscopy v x x v High Concurrent 

laparoscopy treatment 


risk actually is. Interestingly, with the publica- 
tion of the new ESGE/ESHRE classification for 
congenital uterine anomalies, the research com- 
munity is slowly moving away from the long 
held concept that hysteroscopy and laparoscopy 
should be the gold standard of diagnosis. The 
reason being that investigations such as 3D US 
and MRI offer the additional advantage of stor- 
ing images and allowing precise measurements 
of aspects of the anomaly, such as the septum, 
or external uterine wall indentation. It there- 
fore could be that theoretically 3D US and MRI 
replace combined hysteroscopy and laparoscopy 
as the gold standard method of choice. However, 
in day to day clinical practice, it is most likely 
that different investigations will complement 
each other and the final diagnosis, particularly 
in complex cases, will be formed after the com- 
bined assessment of two or more different inves- 
tigative modalities. 


Epidemiology 
Previous Inconsistencies 


The true epidemiology of congenital uterine 
anomalies has been a matter of debate for several 
decades. The reported prevalence for different 
populations differed so much that it was difficult 
to even ascertain whether it was a common or 
rare problem. The reason for this stems largely 
from points raised earlier. Firstly, the classifica- 
tions for congenital uterine anomalies were not 


Table 18.4 The variation of reported prevalence of con- 
genial uterine anomalies in different populations over the 
last 35 years 


Population Estimated prevalence (%) 
General 0.2-10.8 
Infertile 1.0-48.9 
Recurrent miscarriage 0.5-65.8 


References in-text 


being consistently used, and it was therefore dif- 
ficult to combine epidemiological data. Secondly, 
the investigative modalities used to assess the 
prevalence were different and therefore the accu- 
racy/pick-up rate was different amongst different 
studies. Finally, the populations examined were 
not homogenous which again made pooling of 
data more difficult. It is therefore quite represen- 
tative that on an initial review of the literature 
over the last 35 years (Table 18.4), the reported 
rates for congenital uterine anomalies can vary 
from 0.16 to 10.8 % for the general population 
[14, 15], from 1 to 48.9 % for the infertile popu- 
lation [16, 17], and from 0.5 to 65.8 % for the 
recurrent miscarriage population [18, 19]. 


New Findings 


For this reason, recent systematic reviews have 
attempted to estimate the true prevalence of con- 
genital uterine anomalies based on studies that 
have used accurate investigations (i.e. Class I 
investigations as defined above), clear descrip- 
tion of patient populations, and have classified 
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Table 18.5 Estimates of prevalence of different congenital uterine anomalies according to high quality studies using 
high accuracy investigations for diagnosis (data from two systematic reviews) 


Population Total (%) Arcuate (%) Septate(%) Bicornuate (%) Didelphys (%) Unicornuate (%) Others (%) 
General 5.5-6.7 3.9-4.9 2.0-2.3 0.3-0.4 0.03-0.3 0.03-0.1 0-0.1 
Infertile 7.3-8.0 1.8-1.9 3.0-3.5 0.8-1.1 0.2-0.3 0.4-0.5 0.7-0.9 
Recurrent 13.3-16.7 2.9-12.2 5.0-5.3 1.0-2.1 0.1-0.6 0.4-0.5 0.6-0.9 


miscarriage 


Data from Chan et al. [20] and Saravelos et al. [13] 


the anomalies clearly according to the AFS 
classification, which has been the most widely 
accepted classification prior to that of ESHRE/ 
ESGE [13, 20]. The prevalence in these reviews 
was estimated as 5.5-6.7 % for the general popu- 
lation, 7.3-8.0 % for the infertile population, 
and 13.3-16.7 % for the recurrent miscarriage 
population. When looking at the different types 
of congenital uterine anomalies, it appears that 
overall the most prevalent types of anomalies 
are in order: arcuate, septate, bicornuate, didel- 
phys, Unicornuate and others (e.g. hypoplastic, 
T-shaped, rare/complex). The exact percentages 
can be seen in Table 18.5. 


Important Observations 


There are two interesting epidemiological obser- 
vations to be made: First, the infertile population 
has a higher rate of septate uteri but a lower rate 
of arcuate uteri compared to the general popula- 
tion. At first glance, one might assume that this 
implies that infertility is associated with the sep- 
tate uterus. However, there is no logical or plau- 
sible explanation for why the arcuate uterus 
would be less prevalent in the infertile popula- 
tion compared with the general population, as 
embryologically it is essentially ‘a very small 
septum’, making this finding counterintuitive. 
The second observation is that despite both 
reviews including only high quality studies, the 
estimations of the prevalence for the arcuate 
uterus in the recurrent miscarriage population 
vary between 2.9 and 12.2 %. The most reason- 
able explanation for both these observations is 
that although there may be a link between infer- 
tility and the septate uterus, there must be a high 
degree of subjectivity when diagnosing an arcuate 


or a seubseptate uterus. For example, in the 
infertile population some investigators may have 
diagnosed a subseptate uterus where others 
would have diagnosed an arcuate uterus, while in 
the recurrent miscarriage population some 
authors may have diagnosed an arcuate uterus 
where others may have merely diagnosed a nor- 
mal variant uterus. Overall, however, from an 
epidemiological standpoint, congenital uterine 
anomalies seem significantly increased in the 
recurrent miscarriage population, and marginally 
increased in the infertile population, with a ten- 
dency towards higher rates of septate uteri. With 
the introduction of the new ESHRE/ESGE clas- 
sification, more objective diagnoses will hope- 
fully allow for well-designed studies to estimate 
even more accurately the true prevalence of the 
congenital uterine anomalies in different popula- 
tion groups. 


Reproductive Impact 


Epidemiological associations would suggest that 
congenital uterine anomalies are higher in women 
with infertility and recurrent miscarriage, and 
therefore by extrapolation have an adverse impact 
on reproductive performance. However, it is quite 
difficult to directly prove this association, and 
also it is important to remember that more than 
5 % of the general/fertile population of women 
will also have some kind of congenital uterine 
anomaly. Prospective and retrospective cohort 
studies have attempted to ellucidate this associa- 
tion by comparing reproductive outcomes of 
women with normal uteri versus uteri with con- 
genital uterine anomalies. The outcomes of inter- 
est are generally clinical pregnancy rates (relating 
to infertility), miscarriage rates (either first or 
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second trimester), and obstetric complications 
(most commonly preterm labour and fetal mal- 
presentation). Although in the context of repro- 
ductive surgery in assisted conception one will 
instantly be drawn to the data regarding the clini- 
cal pregnancy rates, it is important to remember 
that the ultimate goal is to improve the final live 
birth rate or baby take-home rate. Therefore the 
implications of congenital uterine anomalies are 
equally important in the context of conception as 
they are for the first trimester, second trimester 
and third trimester/labour events. 


Impact on Clinical Pregnancy Rates 


A recent meta-analysis of all studies available 
[21] has attempted to clarify the associations 
between congenital uterine anomalies and repro- 
ductive outcomes (Table 18.6). It showed that 
compared to women with normal uteri, women 
with septate uteri had significantly reduced rates 
of clinical pregnancies (RR 2.53; 95 % CI 1.54— 
4.18; p<0.001). Women with arcuate uteri did 
not show a significant reduction in clinical preg- 
nancy rates (RR, 1.03; 95 % CI, 0.94-1.12; 
p=0.51), although only two studies were anal- 
ysed [14, 22], one of which used HSG alone, 
which is a suboptimal method for diagnosing and 
classifying uterine anomalies. For the rarer 
anomalies such as bicornuate, didelphys and uni- 
cornuate uteri, there was a trend towards reduced 
clinical pregnancy rates, which however did not 
reach statistical significance (RR, 0.87; 95 % CI, 
0.68-1.11; p=0.25). Again the numbers of cases 
were small, the investigations used were not opti- 
mal and the heterogeneity was high (?=86 %). 


Impact on Miscarriage Rates 


With regards to miscarriages, an arcuate uterus 
compared to a normal uterus was not signifi- 
cantly associated with first trimester miscarriage 
in five studies (RR, 1.35; 95 % CI, 0.81-2.26; 
p=0.25), but was significantly associated with 
second trimester miscarriages (RR, 2.39; 95 % 
CI, 1.33-4.27; p=0.003). On the other hand 
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analysis of four studies comparing women with 
septate uteri versus women with normal uteri 
showed a significant increase in first trimester 
miscarriage (RR, 2.89; 95 % CI, 2.02-4.14, 
p<0.001), and a trend but no significant increase 
in second trimester miscarriage (RR, 2.22; 95 % 
CI, 0.74-6.65; p=0.15). Furthermore, women 
with bicornuate uteri were shown to have signifi- 
cantly increased rates of both first and second 
trimester miscarriages (RR, 3.40; 95 % CI, 
1.18.9.76; p<0.05 and RR, 2.32; 95 % CI 1.05- 
5.15; p<0.05 respectively), while women with 
unicornuate uteri showed significantly increased 
rates of first trimester miscarriage (RR, 2.15; 
95 % CI, 1.03-4.47; p=0.04) but not second tri- 
mester miscarriages. Finally, didelphys uteri 
were not associated with either first or second tri- 
mester miscarriages although the cases studied 
are limited. 


Impact on Obstetric Complications 


With regards to obstetric complications, interest- 
ingly, all congenital uterine anomalies with the 
exception of the arcuate uterus were associated 
with significantly higher rates of preterm labour, 
while all anomalies (including the arcuate uterus) 
were associated with significantly higher rates of 
fetal malpresentation (Table 18.6). 


Treatment 


Although there is evidence for an association 
between congenital uterine anomalies and 
adverse reproductive outcomes, the most impor- 
tant question for the clinician and patient is 
whether there is any intervention that can improve 
these outcomes. 


The Septate Uterus 


The congenital uterine anomaly most amenable 
to surgery is the partial and complete septate 
uterus. It is worth noting, that with the new 
ESGE/ESHRE classification, some anomalies 
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Table 18.6 Meta-analysis of studies assessing the reproductive impact of different congenital uterine anomalies 


First trimester 


Anomaly Conception rate miscarriage 
Arcuate 1.03 (0.94-1.12) 1.35 (0.81-2.26) 
Septate 0.86 (0.77-0.96) 2.89 (2.02-4.14)"™* 
Bicornuate 0.86 (0.61-1.21) 3.40 (1.18-9.76)° 
Didelphys 0.9 (0.79-1.04) 1.10 (0.21-5.66) 


Unicornuate 0.74 (0.39-1.41) 2.15 (1.03-4.47) 
Adapted from Chan et al. [21], with permission 


Second trimester 
miscarriage 

2.39 (1.33-4.27)™ 
2.22 (0.74-6.65) 
2.23 (1.05-5.15) 
1.39 (0.44-4.41) 
2.22 (0.53-9.19) 


Preterm labour 
1.53 (0.70-3.34) 
2.14 (1.48-3.11) 
2.55 (1.57-4.17)"™ 
3.58 (2.00-6.40) 
3.47 (1.94-6.22)"™" 


Fetal malpresentation 
2.53 (1.54-4.18)*** 
6.24 (4.05-9.62)"™* 
5.38 (3.15-9.19)"" 
3.70 (2.04-6.70)"* 
2.74 (1.30-5.77)* 


Data presented in Relative Risk (95 % Confidence Interval), where *p<0.05; **p<0.01; ***p<0.001 


previously diagnosed as arcuate uteri may now 
fall within this category, as the term arcuate 
uterus has been abolished. To date there has been 
no randomised controlled trial (RCT) comparing 
reproductive outcomes between women that have 
a septum resection versus women that have had 
the septum left untreated both in the context of 
infertility and assisted reproduction and also 
recurrent miscarriage [23, 24]. However, there 
have been a plethora of non-controlled interven- 
tional studies that have compared reproductive 
outcomes before and after septum resection, or 
have presented outcomes following septum 
resection alone and have deemed them satisfac- 
tory enough to recommend routine septum resec- 
tions for women with a history of infertility or 
recurrent miscarriage. As a result, in the last 
decade the practice of septum resection has 
become routine practice in most countries and 
centres worldwide, partly owing to the fact that it 
is considered a relatively minor, well tolerated 
and not overly costly procedure. On the other 
hand, one must accept that it is not without risk, 
with pooled analyses showing a perforation risk 
of 1.1 %, and the need for a repeat procedure in 
6.0 % [25]. The medical community has there- 
fore reached a somewhat “catch 22” situation, 
where on the one hand septum resections are 
being performed routinely, without the prior evi- 
dence from a RCT, while on the other it may be 
difficult to recruit patients to the non-treatment 
arm of such a study as it may be thought treat- 
ment is being withheld. This is further compli- 
cated by each individual clinician’s/researcher’s 
subjective inclination towards the matter. It is 
most characteristic that some authors report 
that hysteroscopic metroplasty should not be 


practiced unless as part of a randomised con- 
trolled trial [24], Whereas others report that ‘no 
prospective randomised trial comparing septo- 
plasty to no intervention has been published and 
is, for ethical reasons, unlikely to be conducted in 
the future’ [25]. 

Leaving aside these dilemmas, the data to date 
suggests that the overall conception rate for 
unselected women with untreated uterine septum 
is approximately 77 % and approximately 71 % 
for women having undergone a septum resection 
[26]. Of course the groups of patients pooled are 
highly heterogeneous and there will be selection 
bias for women selected to have the procedure. In 
the context of women with reproductive failure 
(infertility/recurrent miscarriage) a recent meta- 
analysis has shown a pregnancy rate of 63.5 % 
(95 % CI, 56.6—-69.9) in 19 so-called ‘clean’ stud- 
ies [27]. However again, this data is not a result 
of a meta-analysis of RCTs, and patients are 
often compared to controls with unexplained 
infertility/miscarriage making the data highly 
heterogeneous. A previous systematic review of 
18 studies and 1,501 women post hysteroscopic 
septum resection showed a similar pregnancy 
rate of 60.1 % [25], while another previous 
review including 658 patients from 16 studies 
had shown even high pregnancy rates of up to 
75 % post hysteroscopic metroplasty for women 
with miscarriages or infertility [28]. This data is 
presented in Table 18.7. When looking at women 
with a history of unexplained infertility alone, the 
clinical pregnancy rate seems to drop to approxi- 
mately 40-45 % post hysteroscopic septum 
resection [29-32] as shown in Table 18.8. 

In terms of miscarriage rates, the data appears 
to be more convincing. Once more there are no 
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data from RCTs, so therefore the most common 
studies compare patients’ reproductive perfor- 
mance before and after hysteroscopic resection 
of the septum. Of course the inherent fault with 
this comparison, is that these before-after com- 
parisons will always favour the intervention as 
the patients will have almost always presented 
with very poor reproductive histories to begin 
with [33]. For example, women with primary 
recurrent miscarriage may have by default a pre- 
treatment live birth rate of 0 % and miscarriage 
rate of 100 %. Nevertheless, reviews to date 
have suggested a significant reduction in mis- 
carriage rates in women following hysteroscopic 
septum resection. In the meta-analysis by Valle 
and Ekpo [27] a live birth rate of 50 % post 
treatment was shown, whereas in the review by 


Table 18.7 Pregnancy rates following hysteroscopic 
septum resection for women with a poor reproductive his- 
tory (infertility or miscarriage) 


Review No of studies Pregnancy 
included rate (%) 

Homer et al.(2000) [28] 16 75 

Grimbizis et al. (2001) [26] 9 71 

Nouri et al.(2010) [25] 18 60 

Valle and Ekpo (2013) [27] 19 64 


Data from four systematic reviews 


Table 18.8 Pregnancy rates following septum resection 
in women with unexplained infertility 


Study Noof Pregnancy 
patients rate 

Pabuccu and Gomel (2004) [57] 61 41 % 

Mollo et al. (2009) [30] 44 39 % 

Bakas et al. (2012) [29] 68 44 % 

Tonguc et al. (2011) [32] 102 43 % 

Pai et al. (2009) [31] 72 46 % 

Total 347 43 % (149/347) 
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Nouri et al. [25] a live birth rate of 45 % was 
estimated. However, in the review by Grimbizis 
et al. [26], the live birth rate was 6 % pre-resec- 
tion and 83.2 % post resection. Similarly, Homer 
et al. [28] reported a preterm/term delivery rate 
of 12 % pre-resection and 86 % post-resection. 
The crude pregnancy outcomes before and after 
hysteroscopic septum resection are presented in 
Table 18.9, while the surgical technique is 
extensively covered in another dedicated chap- 
ter in this series. 


The Bicorporeal Uterus 


In terms of the rarer anomalies such as the bicor- 
nuate and didelphys uterus, experience with sur- 
gical correction and reproductive outcomes is 
much more sparse. Strassmann reported abdomi- 
nal metroplastic surgery over half a century ago, 
in 1952, when he described the treatment of 
didelphic, bicornuate and septate anomalies [34]. 
Other abdominal operations were described by 
Jones and Jones in 1953 whereby a wedge fundal 
excision was performed to remove a uterine sep- 
tum, and by Tompkins in 1962 whereby a single 
median incision into the uterus was performed to 
incise the septum [35]. Although the uterine sep- 
tum is now treated by hysteroscopy, there is still 
a role for the unification of the double uterus as 
described by Strassmann for bicornuate and 
didelphys uteri [34]. This procedure was reported 
for the first time to have been performed laparo- 
scopically in 2006 with a successful outcome for 
a woman with a bicornuate uterus [36], and this 
was followed up with further reports of cases 
including both bicornuate and didelphys uteri 
[37]. In these procedures, a superficial incision 
along the medial aspect of the uterine horns was 


Table 18.9 Pregnancy outcomes before and after septum resection in women with a history of infertility or 


miscarriage 
Pre-resection 
Miscarriage Pre-term 
Review (%) 
Homer et al. (2000) [28] 88 9 
Grimbizis et al. (2001) [26] 86 10 


Data from two systematic reviews 


Term 
delivery (%) delivery (%) Miscarriage (%) delivery (%) delivery (%) 


Post-resection 


Pre-term Term 


14 6 80 
16 7 76 
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Table 18.10 Live birth rates following abdominal 
metroplasty for the treatment of bicorpoeral uteri 


No of 

Study patients Live birth rate 
Candiani et al. (1990) [38] 71 73 % 

Ayhan et al. (1992)* [58] 102 715 % 

Khalil et al. (1995) [39] 43 93 % 

Lolis et al. (2005) [41] 22 88 % 

Papp et al. (2006)* [43] 157 82 % 

Total 395 80 % (317/395) 


‘May contain some cases of septate uteri 


performed with a bipolar needle. This was then 
extended into the myometrium with a monopolar 
hook, and the endometrial cavity was then opened 
carefully with hook scissors. The myometrial 
edges were then everted and interrupted Vicryl 0 
was used to oppose the myometrium at the ante- 
rior, fundal and posterior region, without includ- 
ing the endometrium. The serosa was then 
stitched with 4-0 vicry] in continuous in inverting 
sutures [37]. 

In terms of reproductive outcomes following 
metroplasty for the bicorporeal uteri (i.e. bicor- 
nuate and didelphys), a few reports have docu- 
mented a significant increase in live birth rate up 
to 73-93 %. Candiani reported a cumulative 
5-year delivery rate of 73 % with a miscarriage 
rate of 20 % in 71 women with bicornuate uteri 
treated via metroplasty [38]. Khalil reported an 
increase from 12 to 93 % in live birth rates fol- 
lowing metroplasty in 43 women with bicornuate 
uteri [39], while Rechberger reported an increase 
from 0 to 80 % in 13 women [40]. Lolis also 
reported an 88 % pregnancy and live birth rate in 
22 women who underwent the same procedure 
[41], while larger series including abdominal 
metroplasty for both septate and bicorporeal uteri 
have also shown live birth rates of more than 
75 % [42, 43] (Table 18.10). 


The Hypoplastic Uterus 


The hypoplastic uterus is a rare anomaly, and 
has been linked to diethylstilboestrol exposure 
in utero [44]. However, the majority of cases 
seen in the future will most probably represent 
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cases of true congenital malformation not sec- 
ondary to iatrogenic diethylstilboestrol expo- 
sure. Although poor reproductive performances 
have been reported in the literature [45], it is 
very difficult to ascertain which women may 
benefit from intervention due to the rarity of the 
cases. Nevertheless, sparse reports have docu- 
mented positive reproductive outcomes follow- 
ing hysteroscopic metroplasty. Fernandez et al. 
reported on 97 women who underwent hys- 
teroscopic metroplasty for T-shaped uteri; they 
found a pregnancy rate of 49.5 %, with a reduc- 
tion of miscarriage rates from 78 to 27 % and an 
increase in live birth rates from 0 to 73 % [46]. 
Barranger et al. also reported on 29 women with 
hypoplastic uteri that underwent hysteroscopic 
metroplasty and showed a 72 % pregnancy rate 
and 45 % live birth rate following treatment [47]. 
Garbin et al. similarly described 24 cases, report- 
ing a reduction of miscarriage rates from 88 to 
12.5 % and an increase in term deliveries from 3 
to 87.5 % [48]. Other smaller reports have shown 
similar findings [49, 50]. From an operative point 
of view, a hook or probe is introduced into the 
uterine horn and an incision is made from the 
fundus to the isthmus, under direct vision and 
ideally under ultrasound guidance. This is done 
in a perpendicular direction towards the lateral 
wall of the uterus, with a depth of up to 5-7 mm. 
The incisions are made bilaterally until a sym- 
metric and triangular appearance of the cavity 
is achieved [46]. Similar to septum resections, 
antibiotic prophylaxis along with sequential 
oestrogen-progesterone combinations may be 
given followed by a re-look hysteroscopy. 


Uterine Rudimentary Horns 


When discussing treatment for congenital uterine 
anomalies, it is important to also consider the 
cases with rudimentary horns. Some of these 
women may present with symptoms outside the 
context of infertility/assisted reproduction, while 
others may be found to have these anomalies dur- 
ing routine work-up. The surgical management 
should follow the same principles that are fol- 
lowed outside the context of infertility/assisted 


194 


reproduction. If there are symptoms such as 
abdominal pain and dysmenorrhoea and a non- 
communicating rudimentary horn with function- 
ing endometrium is found, this should be treated 
via laparoscopic excision [51]. This will also 
reduce the risk of the rare but well documented 
risk of ectopic pregnancy which can occur in a 
rudimentary horn even if it is non-communicating 
(52, 53] and can even lead to death if ruptured 
[54]. If the patient is asymptomatic and a non- 
communicating rudimentary horn is incidentally 
found without the presence of a functioning 
endometrium, then it could be argued that no 
intervention is necessary [51]. 


Uterine Aplasia 


Finally, in the cases of rare cases of uterine agen- 
esis or aplasia, such as the Mayer Rokitansky- 
Ktister-Hauser (MRKH) syndrome, treatment 
can be pursued to develop a neovagina via vari- 
ous recognised approaches [55, 56], but of course 
in the context of assisted reproduction, the defini- 
tive treatment would most likely involve gesta- 
tional surrogacy. 


Conclusion 

The diagnosis and treatment of congenial 
uterine anomalies is moving into a new era 
with the development and use of accurate, 
quantitative and non-invasive investigative 
modalities such as the 3D US and MRI, and 
the community’s reignited interest in this 
field, which is demonstrated by the newly 
published ESGE/ESHRE classification of 
female genital tract anomalies in 2013. This 
will hopefully allow firstly for congenital uter- 
ine anomalies to be more accurately diag- 
nosed, and secondly for robust studies to be 
undertaken to ascertain the effectiveness of 
any surgical intervention. To date, data would 
suggest that congenital uterine anomalies are 
more prevalent in the infertile and recurrent 
miscarriage groups of patients, and are associ- 
ated with reduced clinical pregnancy rates, 
increased first and second trimester miscar- 
riage rates and increased preterm deliveries 
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and malpresentation. Although there is an 
absence of RCTs comparing the outcomes of 
women with surgical intervention (e.g. septum 
resection) versus expectant management, the 
reproductive performance of women follow- 
ing intervention has been considered positive 
enough for the majority of clinical researchers 
and authors to recommend it. However, from a 
strictly evidence-based point of view, one 
must admit that the jury is not out yet with 
regards to which women should be offered 
intervention, and for which exact type of 
anomalies. 


Key Practice Points 

1. The use of the new ESGE/ESHRE clas- 
sification of uterine anomalies should 
be used as it addresses the shortcomings 
of the AFS classification. 

2. Significant renal anomalies should 
prompt investigating for Mullerian 
anomalies and vice versa. 

3. Investigations for diagnosis and classifi- 
cation of uterine anomalies include 
combined hysteroscopy and laparos- 
copy, 3D ultrasound, saline infusion 
ultrasound, and MRI. 

4. Septate uterus may be associated with 
an increased risk of miscarriage and 
infertility and treatment may lead to a 
significant reduction in miscarriage 
rates. 
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Although important for conception, implantation 
and obstetric outcome, interest in a systematic 
exploration of the uterine cavity in patients with 
reproductive disorders did not receive a lot of 
attention in the past. Only recently has more 
interest and insight been gained in the importance 
of the different tissue layers of the uterus and 
their specific functionality. For many years the 
uterus was the “neglected incubator.” Diagnostic 
hysteroscopy allows the visual inspection and 
exploration of the uterine cavity contributing to a 
better understanding in pathology interfering 
with patient’s fertility and bleeding pattern. 
Operative procedures are now gaining more 
interest in patients with fertility problems and 
recurrent miscarriages. 

It is assumed that uterine cavity abnormalities 
interfere with the factors that regulate the 
blastocyst-endometrium interplay, for example 
hormones and cytokines, precluding the possibil- 
ity of pregnancy. Many hypotheses have been 
formulated in the literature of how endometrial 
polyps [1], submucous fibroids [1-3], intrauter- 
ine adhesions [4] and uterine septum [5] are 
likely to disturb the implantation of the human 
embryo; nevertheless, the precise mechanisms of 
action through which each one of these major 
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uterine cavity abnormalities affects this essential 
reproductive process are poorly understood. 

The role of hysteroscopy in assisted reproduc- 
tion has expanded over the years and the applica- 
tions are still evolving. Operative hysteroscopy 
has been accepted progressively as the best 
option for the treatment of intrauterine patholo- 
gies. Hysteroscopic removal of intrauterine 
lesions is a safe and effective method that restores 
the uterine cavity. 


General Principles 
Instrumentation 


For minimising patient discomfort small diame- 
ter instruments should be used without harming 
the accuracy of the procedure. Rigid hystero- 
scopes have superior optical properties, requires 
less time for the procedure, and has a higher suc- 
cess rate compared with flexible hysteroscopes 
[6]. In a prospective randomised and multicentre 
study Campo et al. [7] found that the best results 
in terms of visibility and patients comfort were 
obtained using small diameter hysteroscopes of 
2-2.9 mm compared to the 5 mm hysteroscope, 
long-time considered as the golden standard. 
This study also showed that by reducing the 
diameter of the hysteroscope the effect of patients 
parity and surgeons experience are no longer 
such important factors for the feasibility of the 
procedure. 
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Regarding the use of distension medium, both 
CO, or a watery solution can be used. Use of 
watery distension medium was reported to be 
superior to the use of CO, [8, 9] as it resulted in 
less discomfort for the patient, use of less anaes- 
thetic drugs, lower frequency of vaso-vagal reac- 
tions, shorter operating times with a higher 
patient satisfaction. The advantage of fluid over 
gas for uterine distension is the ability of fluid to 
flush blood, mucus, bubbles, and small tissue 
fragments out of the visual field. As a general 
rule the uterine cavity pressure should be the low- 
est pressure necessary to distend the uterine cav- 
ity and ideally should be maintained below the 
mean arterial pressure [10]. 


Complications of Hysteroscopic 
Surgery 


Complications of hysteroscopic related proce- 
dures have a low incidence of 0.28 % in a study 
from the Netherlands and an incidence of 0.24 in 
a German study [11]. 


Uterine Perforation 

The most frequent surgical complication was perfo- 
ration of the uterine cavity. Approximately half to 
two-third of the perforations were entry-related [12]. 
This highlights the importance of introduction of the 
hysteroscope under direct visualization directing the 
scope in the correct direction. Preoperative vaginal 
examination and/or ultrasound will provide useful 
information about the localization of the uterus in 
ante- or retro-flexion and on the size. It will facilitate 
a correct introduction of the scope. 


Fluid Overload 

The incidence of fluid overload during operative 
hysteroscopy has been reported to be 0.1-0.2 % 
[11]. The used intra-uterine pressure and the kind 
of intervention mainly influences fluid absorp- 
tion. Fluid overload can cause pulmonary 
oedema, hyponatremia, heart failure, cerebral 
oedema and even death [13]. Intra-uterine pres- 
sure should be kept as low as possible but still 
giving a good visualization. In general a pressure 
below the mean arterial pressure is to be pre- 
ferred and should not exceed 75-100 mmHg. 
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Interventions like myomectomy impairing the 
myometrial integrity with disruption of open 
venous blood vessels are associated with a higher 
risk of fluid overload. The longer the intervention 
takes, the higher the risks for fluid overload. 
Patients should be informed that in cases of dif- 
ficult operative procedures like presence of mul- 
tiple or large myoma, it is possible that the 
procedure should be performed in two steps to 
avoid problems of fluid overload. 

Careful monitoring of the fluid balance during 
hysteroscopic operative procedures, either manu- 
ally or using automated volumetric and weighing 
methods, is mandatory. Also the use of isotonic 
solutions such as normal saline whenever possible 
is preferred to hypotonic solutions as it reduces the 
risk of hyponatremia, but overload still remains a 
risk of high deficits [14]. The general recommen- 
dation is that the fluid deficit should not exceed 
1,000 ml when using a hypotonic solution and 
2,500 ml when using and isotonic solution [10, 15]. 
Patient’s age and cardiovascular conditions also 
should influence the allowed fluid deficit. To pre- 
vent excessive intravasation open vessels should be 
coagulated during the procedure. 


Intrauterine Adhesions 

The incidence of post-operative intra uterine 
adhesions represents the major long-term com- 
plication of hysteroscopic myomectomy ranging 
from 1 to 13 % [16]. To minimize the risk of post- 
operative adhesions, it is necessary to avoid 
trauma of healthy endometrium and myometrium 
surrounding the fibroid; it is also advisable to 
reduce the usage of electro surgery especially 
during the removal of multiple fibroids on oppos- 
ing endometrial surfaces [17]. To minimize the 
risk for adhesions an anti-adhesive like auto- 
cross-linked hyaluronic gel can postoperatively 
be inserted in the uterus [18, 19]. 


Conscious Sedation Versus General 
Anaesthesia 


With the development of high quality images with 
new smaller endoscopes, the possibilities of per- 
forming operative hysteroscopic procedures under 
local anaesthesia or sedation are increasing. Cervical 
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dilatation can be omitted in most of the cases. This 
offers the opportunity of setting up one- stop clinics 
allowing diagnosis and operative correction to be 
performed during the same session [20]. The 
Trophy scope (Karl Storz, Tiitlingen, Germany) 
allows in an easy way the transition from a 2 mm 
diagnostic fixed hysteroscope to an operative hys- 
teroscope with an outer diameter of 4 mm without 
drawing the hysteroscope out of the uterine cavity. 
This way multiple in and out manipulation is 
avoided. Through the operative channel 5 Fr. instru- 
ments like scissors, biopsy forceps bipolar coagula- 
tion probe and bipolar needle can be introduced. 


Indications for Reproductive 
Hysteroscopic Surgery 


Myomas 


Fibroids occur commonly in women of the repro- 
ductive age group. Myomas are associated directly 
or indirectly with 5-10 % of cases of infertility. 
The relationship between uterine fibroids and 
infertility has long been a concern to the gynaeco- 
logic community, but the medical literature regard- 
ing this important topic is problematic. Uterine 
myomas are heterogeneous tumors in composi- 
tion, size, location, and number; variations in any 
of these factors could possibly alter the effect on a 
woman’s fertility status. Different studies have 
shown that submucous fibroids are associated with 
reduced fertility and lower live birth rate, and 
myomectomy for submucous fibroids appears 
likely to improve fertility outcomes [21, 22]. The 
relative effect of multiple or different sized fibroids 
on fertility outcomes is uncertain. 

Depending upon their localization uterine 
myomas are classified as type 0 when their local- 
ization is 100 % intracavitary, type 1 with less 
than 50 % intramural and type 2 when >50 % is 
localized intramural. 

The operating hysteroscope (resectoscope) is 
the instrument that allows the performance of a 
submucous myomectomy under direct and con- 
stant visual control. The application of resecto- 
scopic surgery has been made possible by using 
the electric current. The electrosurgical system 
can be monopolar or bipolar: in the monopolar 
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one, from the extremity of the resectoscope (active 
electrode) the flow of current must reach the plate 
(passive electrode). The use of monopolar elec- 
trodes requires non-conducting distending solu- 
tion (sorbitol 5 % or glycine 1.5 %). The use of a 
bipolar set of instruments, in which both elec- 
trodes are introduced into the thermal loop, would 
be much safer. In this way the current will only 
have to pass through the tissue with which the 
thermal loop comes into contact, thus minimizing 
the danger deriving from the random passage 
through the corporeal structures. An intrauterine 
bipolar diathermy allows the use of an electrolytic 
uterine distension medium (normal saline). 

The classical resectoscopic excision of intracavi- 
tary fibroids is carried out with the technique of slic- 
ing. It consists of repeated and progressive passages 
of the cutting loop, carried out with the standard 
technique (loop carried beyond the fibroid, with 
cutting only taking place during the backward or 
return movement of the loop) (Fig. 19.1). When 
dealing with the base of the fibroid, care must be 
taken to limit surgical trauma only to the area of the 
implant, thus avoiding the damage of the surround- 
ing structures. For enucleation of the intramural 
component of the fibroid a blunt dissection can be 
performed once the cleavage plane is identified. The 
loop is inserted into the plane between the fibroid 
and myometrium, and is used in a mechanical way 
along the surface of the fibroid, thus bringing the 
myoma from the myometrial wall by blunt dissec- 
tion. At the end of the enucleation phase, the intra- 
mural part of the fibroid is totally dislocated inside 
the uterine cavity. At this point it can be treated as a 
submucous fibroid and therefore can be completely 
and safety excised by means of the usual progres- 
sive excision using a cutting loop. This technique 
was first described by Mazzon et al. [23]. 

Whether treatment with GnRh agonist before 
myomectomy offers any significant advantage is 
still a matter of debate. Benefits claimed include 
the following: resolution of preoperative anemia 
[24]; reduction of endometrial thickness as well 
as the size and vascularization of fibroids. 
A 6-8 weeks administration of GnRh agonist 
preoperatively is sufficient to shrink the fibroid 
by 30-50 % [25, 26]. This results in an improved 
operator’s visibility and a reduced length and dif- 
ficulty of surgery. 
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Fig. 19.1 Myomectomy technique 


We agree with those authors who consider 
these drugs particularly indicated for those 
fibroids with a diameter of 3 cm or more as well 
as for patients suffering from secondary anemia. 

In case of large myomas (>3 cm) with an intra- 
mural component, resection may require two sur- 
gical procedures. The observation of the rapid 
migration of the residual intramural component 
towards the uterine cavity [27], with the parallel 
increase of myometrial thickness during hystero- 
scopic myomectomy [28], is the basis of this treat- 
ment. First the operation consists of excision only 
of the intracavitary portion of the fibroid, by means 
of the usual progressive resectoscopic excision. 
Second surgical procedure completes the excision, 
by means of slicing, of the residual component of 
the fibroid, which has now become intracavitary. 
Optionally, first and second surgical operation can 
be preceded by GnRh agonist therapy. The 


technique described by Donnez et al. [24] repre- 
sents an effective mixture of hormonal treatment 
and hysteroscopic surgery. After 8 weeks of preop- 
erative GnRh agonist therapy, a partial myomec- 
tomy of the intracavitary portion of the fibroid is 
carried out. After another 8 weeks of GnRh ago- 
nist therapy, a second hysteroscopic myomectomy 
is performed to remove the remnant intramural 
portion of the fibroid protruded in the uterine cav- 
ity as a consequence of uterine shrinkage. 


Polyps 


Endometrial polyps (Fig. 19.2) are commonly 
identified during the investigation for infertility. 
The mechanism by which polyps may adversely 
affect fertility is also poorly understood. 
Endometrial polyps are identified by hysteroscopy 
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Fig. 19.2 Endometrial polyp 


in 16.5-26.5 % of women with otherwise unex- 
plained infertility [29, 30]. A randomized con- 
trolled trial has shown benefit for hysteroscopic 
polypectomy prior of starting fertility treatment 
[31]. The results of this trial on the effectiveness of 
hysteroscopic polypectomy prior to intrauterine 
insemination (IUI) are consistent with the findings 
of a recently published observational study [32]. 
The hysteroscopic removal of endometrial polyps 
in women bound to undergo IUI for unexplained, 
male, or female factor infertility for at least 
24 months increases the odds of clinical pregnancy 
compared to diagnostic hysteroscopy and biopsy 
only. The level of evidence of this single study was 
graded as high [33]. 

Hysteroscopic resection is the most effective 
management for endometrial polyps and allows 
histologic assessment, whereas blind biopsy or 
curettage has low diagnostic accuracy and 
should not be performed. Hysteroscopy-directed 
polypectomy using scissors, a loop electrode or 
a morcellator is preferred to minimize damage 


to the surrounding endometrium and to ensure 
the polyp has been removed in its entirety. 
Operative resectoscopy with a loop electrode 
appears to be the technique of choice for endo- 
metrial polyps >2 cm or with a fundal implant. 
The study of Dealberti demonstrated that it is 
possible to remove endometrial polyps by hys- 
teroscopy, using the mini-resectoscope, in an 
office setting. The outpatient polypectomy is a 
less-costing procedure and represents an accept- 
able and effective alternative to inpatient resec- 
toscopic polypectomy, leading to a complete 
polyp excision in nearly all patients [34]. 
Recently the use of a hysteroscopic morcellator 
or shaver has been reported to be advantageous 
in the treatment of polyps and type 0 an 1 myo- 
mas <3 cm [35, 36]. 

IVF outcomes seem to be unrelated to the time 
interval between the hysteroscopic polyp resection 
and the initiation of the IVF; where the success 
rate does not seem to be boosted by initiating treat- 
ment in the first few months postoperatively [37]. 
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Fig. 19.3 Correction of uterine septum 


Congenital Anomalies 


Miillerian defects are observed in 3-5 % of the 
general population, but their frequency increases 
between 5 and 25 % in women with recurrent mis- 
carriages, late abortions and preterm deliveries 
[38]. Uterine septum is the most common con- 
genital anomaly of the female reproductive tract, 
with an incidence of 2—3 % in the general popula- 
tion [39]. Although, the exact effect of an intra- 
uterine septum on fertility is still controversial 
[40-43], its presence has been associated with 
poor reproductive outcomes including high risk of 
abortion, preterm delivery, as well as abnormal 
presentations and increased Caesarean section 
rates [40-42]. Arcuate uterus is associated with a 
slightly better but still impaired pregnancy out- 
come with term delivery rates of 65 % [43]. 


Different studies have shown that removal of a 
septum by hysteroscopic metroplasty can improve 
fertility outcomes in subfertile women. The hys- 
teroscopic septum resection can be applied as a 
therapeutic procedure in cases of symptomatic 
patients but also as a prophylactic procedure in 
asymptomatic patients in order to improve their 
chances for a successful delivery [43-46]. 

In 1974, Edstrom performed the first hystero- 
scopic section of uterine septum, and in 1981 
Chervenak and Neuwirth reported the first suc- 
cessful reproductive outcome after hysteroscopic 
metroplasty [47]. Nowadays, the septate uterus 
can be effectively treated by operative hysteros- 
copy (Fig. 19.3). The incision of the septum can 
be carried out by scissors, resectoscope or laser, 
with no obvious advantage from any of these 
techniques [46, 48, 49]. 
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Fig. 19.4 Correction of Asherman 


A T-shaped uterus is a rare uterine malforma- 
tion, except in woman exposed in utero to diethyl- 
stilbestrol (DES). Several studies have showed 
very poor reproductive performance when this 
uterine malformation is not treated [50, 51]. The 
study of Fernandez shows that hysteroscopic 
metroplasty improves the live birth rate for women 
with a T-shaped uterus and a history of primary 
infertility, recurrent abortion or preterm delivery, 
although it is not a treatment of infertility [52]. 


Asherman Syndrome 


It has been more than a century since Heinrich 
Fritsch first described a case of posttraumatic intra- 
uterine adhesion. Schenker and Margalioth [53] 
analyzed the symptoms of 2,151 cases of Asherman 
syndrome. They found that infertility was present 
in 43 % of women studied. This syndrome occurs 
mainly as a result of trauma to the gravid uterine 


cavity, which leads to the formation of intrauter- 
ine and/or intracervical adhesions. Despite the 
advances in hysteroscopic surgery, the treatment 
of moderate to severe Asherman syndrome still 
presents a challenge. Furthermore, pregnancy after 
treatment remains high risk with complications 
including spontaneous abortion, preterm delivery, 
intrauterine growth restriction, placenta accrete or 
praevia, or even uterine rupture. 

In most cases, adhesiolysis may be performed 
with the help of the hysteroscopic scissors or other 
cutting modalities such as laser (Fig. 19.4). 
Hysteroscopic adhesiolysis using scissors [54] has 
the advantage that it permits dissection and avoids 
complications related to energy sources, and it 
possibly minimises the destruction of endome- 
trium. Preoperative administration of oestrogens 
stimulates the endometrial development and is 
helpful in a better identification of the endome- 
trium by concurrent performed ultrasound exami- 
nation during lysis of adhesions. Even with the use 


204 


of ultrasound, it can be extremely difficult to per- 
form the dissection in the correct planes. 

Some investigators have performed hystero- 
scopic surgery under concomitant laparoscopic 
or ultrasound control to prevent perforation of the 
uterus [4, 55, 56]. 

Reformation of intrauterine adhesions after hys- 
teroscopic surgery for Asherman is a real challenge 
and is reported between 3.1 and 23.5 %. In general, 
patients with severe intrauterine adhesions often 
require several repeated procedures because of the 
difficult nature of the procedure and the high rate of 
reformation of adhesions. One of the most impor- 
tant features of treatment is prevention of recur- 
rence. Various methods have been used to achieve 
this aim. Wood and Pena [57] proposed the use of 
oestrogens to stimulate the regeneration of endo- 
metrium and promote re-epithelialization of the 
scarred surfaces. The insertion of an intra- uterine 
device (IUD) has been advocated in preventing 
adhesion reformation after hysteroscopic lysis of 
intrauterine adhesions [58]. Some studies have 
reported on the use of a Foley catheter introduced 
into the uterine cavity [59]. The introduction of an 
IUD or Foley catheter may carry a risk of perfora- 
tion of the uterus and increases the risk for ascend- 
ing infections. Newly developed adhesion barriers 
such as hyaluronic acid show promise for prevent- 
ing new adhesions [22, 60, 61]. A recent meta anal- 
ysis showed a beneficial effect of the use of 
hyaluronic gel in the prevention of intra-uterine 
adhesion formation [23] while in the study of Lin 
et al. [62] this effect could not be confirmed. 
Further RCT studies are necessary to evaluate the 
effect on postoperative adhesion formation. 


What Is the Optimal Waiting Period 
for Subsequent Fertility Treatment 
After Various Hysteroscopic 
Surgeries? 


The duration of endometrial wound healing is 
variable after various hysteroscopic surgeries. 
Polypectomy wounds healed the most quickly, 
with 86 % healing within 1 month. Myomectomy 
wounds take the longest time to completely heal, 
with 82 % healing 2-3 months after the operation. 
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Wounds of septal incision and adhesiolysis heal 
in between these two time periods, with 100 and 
96 % of the women completing their wound heal- 
ing within 2 months [63]. Postoperative new 
intrauterine adhesion formation is an important 
factor influencing endometrial wound healing. 
Office hysteroscopy is a minimally invasive pro- 
cedure that can be done at the outpatient clinic. 
Application of office hysteroscopy for the evalu- 
ation of wound healing after hysteroscopic 
surgeries is convenient for direct inspection, and 
it can be consecutively done until complete heal- 
ing of endometrial wounds. Office hysteroscopy 
is an easy and effective procedure to separate 
these newly formed adhesions, as long as it is 
done within 2 weeks after surgery [64]. 


Key Practice Points 

1. Concurrent use of ultrasound during 
operative hysteroscopic procedures is 
highly beneficial in many operative hys- 
teroscopic procedures both to facilitate 
the procedure and to minimise the risk 
uterine perforation. 

2. The use of small diameter (2-2.9 mm) 
hysteroscopes with fluid detention can 
minimise patient discomfort in the out 
patient setting. 

3. Appropriate measures to minimise the 
risk of intrauterine adhesions should be 
taken including the use of anti adhesion 
agents. 

4. When possible scissors are preferable to 
energy devices due to lower risk of 
complications and less damage to the 
endometrium 
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Grigoris F. Grimbizis 


Female genital tract malformations are common 
benign entities with a prevalence of 4—-6.7 % in 
the general population depending on the method 
used for their diagnosis [1-3]. However, the vast 
majority of them are the uterine ones and septate 
uterus, with a reported proportion of >30 %, is a 
rather frequent congenital uterine anomaly 
(CUA) [1-3]. 

On the other hand, it should be noted that this 
prevalence could represent an underestimation of 
its real percentages; arcuate uterus, which is the 
other absorption uterine defect is represented with 
an even higher proportion, reaching ~50 %, in the 
general population. Given that the definitions of 
septate uterus and arcuate uterus is not at all clear 
in the AFS Classification and their borders are not 
distinct (AFS 1988), it is possible that some cases 
characterized as “arcuate uterus” or small septa 
could be cases of partial septate uterus. 

Several proposals for the classification of 
female genital anomalies existed until now [4-11]. 
Recently, the European Society of Human 
Reproduction and Embryology (ESHRE) together 
with the European Society for Gynecological 
endoscopy (ESGE), recognizing the need for clear 
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definitions and for a new, clinically oriented, cate- 
gorization of female genital anomalies [12, 13], 
have published the new ESHRE / ESGE classifica- 
tion [14, 15]. Septate uterus represents Class U2 of 
the new ESHRE/ESGE classification system, 
incorporates all cases with normal fusion and 
abnormal absorption of the midline septum and it 
is defined as the uterus with normal outline and an 
internal indentation at the fundal midline exceed- 
ing 50 % of the uterine wall thickness (Fig. 20.1). 

Septate uterus is further subdivided in partial 
septate (Class U2a) characterized by a septum 
partly dividing the uterine cavity above the level 
of internal cervical os and complete (Class U2b) 
characterized by a septum fully dividing the uter- 
ine cavity up to the level of internal cervical os 
(Fig. 20.1). Septate uterus could be also com- 
bined or not with cervical anomalies (septate cer- 
vix, double cervix unilateral cervical aplasia or 
cervical aplasia) and / or vaginal anomalies [14, 
15] (Fig. 20.1). An interesting Class of the new 
ESHRE/ESGE classification system is the bicor- 
poreal septate uterus (Class U3c); it is character- 
ized by the combined presence of a fusion and 
abortion defect with an external midline fundal 
indentation of more than 50 % and a width of the 
uterine wall at that level of more than 150 % of 
the midline uterine wall thickness [14, 15] 
(Fig. 20.1). This is not a clear septate uterus but 
the septate element could be partially treated 
hysteroscopically. 
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Class U2/septate uterus — Class U3/bicorporeal uterus 


y 


U2a/partial L U2acomplete m _U3c/bicorporeal septate 


Cervical sub-classes 


Co Normal cervix 

C1 Septate cervix 

C2 Double normal cervix 

C3 Unilateral cervical aplasia 
C4 Cervical aplasia 


Vaginal sub-classes 


vo Normal vagina 

Vi Longitudinal non-obstructing septum 
V2 Longitudinal obstructing septum 

V3 Transverse septum/imperforate hymen 
V4 Vaginal aplasia 


Fig. 20.1 Septate uterus and its variants according to the new ESHRE/ESGE classification system (From Grimbizis 


et al. [14], with permission) 


Prevalence in the General 
and Selected Populations 


The prevalence of septate uterus in selected pop- 
ulations grab the attention of several investigators 
since differences from that observed in the gen- 
eral population could highlight a possible clinical 
adverse effect on reproductive potential of 
women bearing this anomaly. 

An initial effort has been published in 2001; 
according to this the prevalence of uterine anom- 
alies has been found to be ~4 % in the general 
population, ~4 % in infertile patients and ~12 % 
in patients with recurrent pregnancy losses [1]. 
The indirect conclusion was that uterine anoma- 
lies and especially septate uterus could be respon- 
sible for an adverse pregnancy outcome but not 
for infertility. However, the major limitation of 
this review was the fact that, for the estimation of 
the pooled incidence in the various populations, 
the researchers took into account all the studies 
without any attention to the method used to diag- 
nose the anomaly. 


In order to treat this limitation and to draw 
more reliable conclusions, another group of 
investigators [2] tried initially to find out the 
diagnostic accuracy of the various available 
methods used for the diagnosis of uterine anoma- 
lies; any technique having >90 % accuracy in the 
diagnosis and differential diagnosis of the uterine 
anomalies is defined as high accuracy method. 
Endoscopy, hydro-sonography (HSG) and three- 
dimensional ultrasound (3D US) were found to 
be methods of high accuracy [2]. Taking into 
account only the high accuracy studies, the prev- 
alence of uterine anomalies was found 6.2 % in 
the general population, 6.8 % in infertile 
population and 16 % in recurrent aborters [2]. 
Even this more sophisticated study failed to 
reveal a significant difference between general 
and infertile population highlighted again the dif- 
ference in the recurrent aborters. 

Three years later, another group has tried 
again to answer to the same question [3]; mean- 
while more studies using high accuracy methods 
have been published. In their systematic review 


20 Uterine Septum 


of high accuracy studies, the prevalence in the 
general population was found to be 5.5 % (CI 
3.3-8.5 %), in infertile population 8 % (CI: 5.3- 
12 %), in recurrent aborters 13.3 % (CI: 8.9- 
20 %) and in women having infertility and 
recurrent pregnancy losses the impressive inci- 
dence of 24.5 % (CI: 18.3-32.8 %) [3]. It seems, 
therefore, that with the accumulation of more 
data and experience in the diagnosis of uterine 
anatomy with the newer available techniques, 
their incidence in infertile population became 
clearer that it could be higher although not yet 
statistically significant. 

Another parameter studied for the estimation 
of the specific role of septate uterus, apart from 
that of uterine anomalies in general, on the repro- 
ductive potential of the women was the distribu- 
tion and the incidence of the various anomaly’s 
types in the different populations. 

Thus, in the review of Saravelos et al. [2] tak- 
ing into account the high accuracy studies, the 
incidence of septate uterus in the general popula- 
tion was found to be 2 %, in infertile population 
3.5 % and in recurrent aborters 5 %; the high 
incidence of uterine anomalies in the general 
population was mainly due to the presence of 
“arcuate” uteri. It could be concluded; therefore, 
that septate uterus could play a role both for the 
achievement and the evolution of pregnancy. The 
same tendency was observed for bicornuate 
uterus and the others more severe anomalies. 

Chan et al. [3] observed a similar tendency for 
septate uterus. In their systematic review, the 
incidence of septate uterus in the general popula- 
tion was found to be 2.3 %, in infertile population 
3 %, in recurrent aborters 5.3 % and patients with 
infertility and recurrent abortions 15.4 %; the 
high incidence of uterine anomalies in the gen- 
eral population was again found to be due to the 
presence of “arcuate” uteri. 

It seems, therefore, that the prevalence of sep- 
tate uterus is ~2 % in the general population, 
above 3 % in infertile patients and above 5 % in 
recurrent aborters; the existence of both infertil- 
ity and pregnancy adverse outcome is associated 
with an incidence of ~15 %. This is an indirect 
indication that septate uterus could adversely 
affect the reproductive potential of the woman. It 
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should be noted, however, that with the old AFS 
classification [5] the borders in the differential 
diagnosis between septate and arcuate uterus are 
not clear and the adoption of the new ESHRE/ 
ESGE classification system could further eluci- 
date this “hot” issue. 


Impact on Fertility and Pregnancy 
Outcome 


An initial effort to elucidate the impact of uterine 
anomalies, and more specifically of septate uterus 
on reproductive outcome, has been done by 
reviewing the available data from observational 
studies [1]. In unselected populations of women 
with uterine anomalies, the observed abortion 
rates ranged form 26 to 36 % which is twice 
higher to the ~15 % expected for the general pop- 
ulation, the preterm delivery rates ranged from 14 
to 18 % which is three times higher to the ~5 % 
observed in the general population, the term 
delivery rates ranged from 44 to 57 % and the live 
birth rates from 55 to 65 % [16-18]. 

An interesting observation was also that the 
expected poor pregnancy outcome seems to be 
exactly the same in the first and in the subsequent 
pregnancies thus excluding a possible favorable 
effect of the pregnancy on future prognosis of 
women bearing uterine anomalies, which was an 
old belief of the obstetricians [1, 16, 19]. 
Furthermore, by reviewing the available pub- 
lished data from ~500 pregnancies of ~200 
women with septate uterus, the pooled observed 
abortion rate was even poorer reaching 44 %, the 
preterm delivery rate was 22 %, the term delivery 
rate 35 % and the live birth rate ~50 % [1]. The 
obvious conclusion of this group of researchers 
was that septate uterus is associated with poor 
reproductive outcome. 

However, the major limitation of the preva- 
lence and the observational studies is that they 
could provide only indirect evidence and not reli- 
able conclusions. Those conclusions could be 
drawn only from a systematic review of compara- 
tive studies. Thus, in a systematic review of the 
available comparative studies [20], it was found 
that septate uterus was associated with a 
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RR: 2,14 
CI: 1,48 - 3,11 


* Septate uterus 
RR: 3,74 CI:1,57-8,91 


RR: 2,22 
CI: 0,74-6,65 
2nd Trimester Preterm Labor 
Miscarriage * 


Fig. 20.2 Reproductive outcome in women with septate and “subseptate” uterus: lower conception rates, higher abor- 


tion and preterm delivery rates (Data from Chan et al. [20]) 


statistically significant decrease by 15 % in the 
conception rates (RR: 0.86, 95 % CI: 0.77-0.96), 
a Statistically significant almost threefold increase 
in the abortion rates (RR: 2.89, 95 % CTI: 
2.02-4.14) and a statistically significant increase 
almost by twofold in preterm delivery rates (RR: 
2.14, 95 % CI: 1.48-3.11) (Fig. 20.2). 

Further to these efforts, in a more recent meta- 
analysis of the available studies [21], it was also 
found that the probability of conception, assisted 
or spontaneous, in women with congenital uter- 
ine anomalies (CUA) is decreased by ~15 % 
(RR: 0.86, 95 % CI: 0.74-1.00). Concerning the 
evolution of pregnancy, the probability of Ist 
and/or 2nd trimester miscarriages (RR: 1.68, 
95 % CI: 1.31-2.17), preterm (<37 weeks) (RR: 
2.21, 95 % CI: 1.59-3.08) and premature deliv- 
ery (<34 weeks) (RR: 3.81, 95 % CI: 1.48-9.83) 
was found significantly increased. Furthermore, 
it is interesting that these researchers found that 
malpresentation at delivery (RR: 4.75, 95 % CI: 
3.29-6.84), low birth weight babies (<2,500 g) 
(RR: 1.93, 95 % CI: 1.50-2.49), placental abrup- 
tion (RR: 2.47, 95 % CI: 1.28-4.77) and perinatal 
mortality (RR: 2.43, 95 % CI: 1.34-4.42) were 


significantly increased in women with CUA as 
compared to women without CUA [21]. 

Another group of researchers [22] studied 
prospectively the conception rates of infertile 
patient with septate uterus and otherwise unex- 
plained infertility after septum resection com- 
pared to those of couples with unexplained 
infertility only; conception rates were found to be 
almost double in the group of infertile patients 
who underwent septotomy, thus supporting that 
notion that the presence of septum adversely 
affects fecundity. 

Although most of the comparative studies 
available in the literature and included in the pre- 
mentioned meta-analyses are still retrospective, 
all the evidence coming from the systematic 
evaluation of the prevalence, observational and 
comparative studies is in the same direction. It 
could be concluded, therefore, that the reproduc- 
tive outcome is impaired in women with CUA. 

Women with CUA and more specifically those 
with septate uterus have lower chances for con- 
ception although this needs still further investiga- 
tion. Furthermore, those women experience 
between two and threefold increase in the 
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probability of miscarriage and another two to 
threefold increase in the probability of preterm 
delivery and they have an additional adverse 
effect on fetus intrauterine growth, obstetric 
complications and perinatal mortality. 


Techniques 


Procedure Description 
(Surgical Steps) 


Correction of septate uterus is nowadays feasible 
to be done in an easy and safe way with the use of 
operative hysteroscopy and aims at unifying the 
uterine cavity by cutting or resecting the septum. 
Treatment in cases of complete of partial septate 
uterus without any cervical involvement (ESHRE/ 
ESGE Class U2COV0O) is started from the distal 
part of the uterine septum after clear visualiza- 
tion of the tubal ostia and continued upwards 
with progressive horizontal incisions in the mid- 
line. It is ended when a normal cavity is obtained 
and the hysteroscope could be moved freely from 
one tubal ostium to the other without any inden- 
tation (straight or slightly curved fundus with 
<50 % indentation at the midline level). 

In cases of complete septate uterus associated 
with septate cervix (U2C1V0O) two treatment 
alternatives has been proposed. The first one is 
the incision of the cervical septum with scissors 
followed by hysteroscopic resection of the intra- 
uterine part. The second option is the incision of 
the uterine septum only leaving the cervical part 
intact in order to avoid cervical incompetence; in 
this treatment proposal, incision starts at the level 
of isthmus cutting the septum and unifying only 
the uterine cavity. In cases of complete septate 
uterus with double normal cervix (U2C2V0), the 
unification of the uterus cavity is the only treat- 
ment alternative and, thus, incision is always 
started from the level of uterine isthmus just 
above the internal cervical os. 

Special attention should be given in cases of 
the bicorporeal septate uterus (ESHRE/ESGE 
Class U3c); in those cases the septate element 
should be incised only, otherwise there is a dan- 
ger for uterine perforation. Hence, this could be 
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done only after careful “mapping” of the uterine 
dimensions mainly, nowadays, with the use of 
3-Dimensional ultrasound (3-D US); having this 
in mind the surgeon should stop in pre-decided 
limits and once the myometrial element of the 
uterine fundus appears. For safety reasons, the 
procedure could be done under, preferably, ultra- 
sound or laparoscopic control. 


Surgical Modalities 


Different surgical alternatives are available based 
on the type of hysteroscope and the energy used. 
Hysteroscopic mechanical incision of the septum 
with the use of scissors and the operative hystero- 
scope is the simplest way of unifying the uterine 
cavity. The technique is safe, normal saline is the 
needed distention media and there is no need for 
cervical dilatation. The uterine septum is mostly 
avascular containing mainly fibrotic tissue. Blood 
loss during the procedure should be minimal and 
if occurring raises the suspicion that the resection 
has gone to far into the myometrium. However, in 
same cases minor bleeding from micro-vessels 
could create problems and thus, as an alternative 
the use of bipolar needle has been proposed both 
for cutting and coagulation. The method is as 
simple as the use of hysteroscopic scissors, ther- 
mal trauma is minimal and normal saline is the 
needed distention media. The use of bipolar nee- 
dle increases slightly the cost of the procedure 
since it is not a reusable instrument. 

ND YAG Laser has been also proposed for 
septum incision. The technique is as simple as 
the use of bipolar needle, it is safe but the cost is 
higher for the same result. 

The resectoscope has been also used for the 
incision of the uterine septum. For the introduction 
of the operative resectoscope, dilatation of the 
cervix up to 8-10 mm (depending on the diame- 
ter of the resectoscope) is always necessary. With 
the use of a monopolar resectoscope, the uterine 
cavity is distended with sorbitol and/or mannitol 
solutions; the osmolarity of these solutions are 
high and, thus, electrolytic disturbances could 
not be excluded in cases of time consuming oper- 
ations. On the other hand, the recent substitution 
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of monopolar resectoscope with the bipolar one 
has led to the use of electrolytic fluids (e.g. normal 
saline) making the use of the operative hystero- 
scope safer. The septum resection is performed 
with an angled electrode at 90° and the use of the 
cutting mode. Some surgeons after septum incision 
continue the operation by performing resection of 
the posterior and anterior wall “remnants” of the 
septum; however, this is not necessary since, after 
septum incision, the septate part retracts into the 
uterine wall resulting in “flat” anterior and poste- 
rior surfaces.. Moreover, resection of the posterior 
and anterior wall at the level of the incised septum 
causes unnecessary trauma to the endometrium and 
myometrium, thus increasing the risk for post- 
operative intra-uterine adhesion formation. 

The operation could be done under sedation 
especially when the operative hysteroscope with 
scissors or bipolar needle is used. Epidural anes- 
thesia could be used with the resectoscope and 
general anesthesia is necessary when performing 
laparoscopy. 

The operation is preferably scheduled in the 
early proliferative phase of the cycle; pretreatment 
with oral contraceptives or gonadotrophin- 
releasing hormone analogues has been proposed by 
some groups but it does not seem to be necessary. 


Post-surgical Follow-up 


Post-surgical hormonal treatment has been pro- 
posed by some groups to enhance the coverage of 
traumatic surfaces with endometrium. However, 
it does not seem to be always necessary and usu- 
ally, 3 months after the operation, the endome- 
trial cavity regains a normal functioning 
endometrial lining. Anti adhesion agents can also 
be used. 

The availability of 3 dimensional ultrasound 
which has high diagnostic accuracy in the assess- 
ment of uterine’s anatomy offers a reliable solu- 
tion for the non-invasive post-surgical evaluation 
of cavity for any septal remnants. Post-surgical 
evaluation of the cavity with office hysteroscopy 
is reasonable in cases of complete thick septae 
associated with higher risk of endometrial trauma 
and postoperative adhesion formation. 
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Although, there are no evidence-based data, 
some surgeons advise to wait 3 months before 
trying to conceive and after evaluating the endo- 
metrial cavity integrity and endometrial regener- 
ation with 2D or 3D ultrasound. 


Results 


Since impaired reproductive potential (achieve- 
ment and evolution of pregnancy) of the women 
with septate uterus is their main reported “symp- 
tom”, post-surgical reproductive performance of 
those patients is the primary parameter to evalu- 
ate the usefulness of applying septotomy as a 
“therapeutic” procedure. 

Initially, most groups of investigators have 
studied the reproductive outcome of the women 
after septum incision using the same patients and 
their reproductive outcome before septotomy for 
comparisons. In a review of all the studies pub- 
lished until 2000 [1], it was found that after sep- 
tum incision there was a significant decrease in 
the abortion rates from 86.4 before to 16.4 % 
after septum resection and a significant increase 
in term delivery rates from 3.4 to 76.2 % 
(Fig. 20.3). One could support that the samples 
reported in those studies were selected women 
with extremely poor pregnancy outcome and, 
thus, the observed results could be explained 
from the tendency that could be expected for 
those women to return to the mean pregnancy 
outcome and not from the beneficial effect of the 
treatment “per se”. However, the reported post- 
operative pregnancy outcome was even better 
from that observed in the population of unselected 
untreated patients with septate uterus (see above). 

Venetis et al. [21], in a systematic review of all 
the published comparative studies found that sur- 
gical correction of uterine septae seemed to be 
associated with a significant decrease in abortion 
rates (OR: 0.20, 95 % CI: 0.10-0.38). Although, 
the studies included in this meta-analysis were 
retrospective, all of them were in the same direc- 
tion. A beneficial effect could also be expected 
for preterm delivery rates despite the fact that the 
decrease found in the meta-analysis was not still 
statistically significant. 
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Fig. 20.3 Pregnancy outcome before and after septum incision (Adapted from Grimbizis et al. [1], with permission) 


Concerning the achievement of pregnancy after 
septum incision, it seems that it is very early to draw 
definite conclusions. Nouri et al. [23], in a review of 
all longitudinal available retrospective studies, has 
reported an overall post-operative pregnancy rate of 
~60 % and live birth rate ~45 % in infertile women 
who underwent septum resection. It should be noted 
at that point that for untreated infertile patients with 
unexplained infertility, who could be a “theoretical” 
group for comparisons, the expected spontaneous 
pregnancy rates do not exceed 35 % [24]. 

Furthermore, as previously mentioned, Mollo 
et al. [22], reported significantly higher (almost 
double) conception rates in infertile patients with 
septate uterus and otherwise unexplained infertil- 
ity after septotomy compared to those with only 
unexplained infertility. However, Venetis et al. 
[21] failed to found a post-operative significant 
increase in the probability of conception in a 
meta-analysis of all the available retrospective 
comparative studies. 


Conclusions 

It seems, therefore, that septate uterus is a 
common benign uterine anomaly with an esti- 
mated incidence of ~2 % in the general popu- 
lation, ~3 % in infertile patients and >5 % in 
women with recurrent pregnancy losses. 

Women with septate uterus seem to have 
lower chances of conception although this 
needs further investigation. However, they 
certainly experience higher first and second 
trimester abortion rates as well as preterm 
delivery rates. Septate uterus is also associated 
with an adverse intrauterine fetus growth and 
increased perinatal mortality. 

Nowadays, hysteroscopic treatment is fea- 
sible and quite simple. It seems that it is asso- 
ciated with an improvement in the evolution 
of pregnancy in terms of decreased abortion 
rates and decreased preterm delivery rates. It 
seems also that it is still early to draw definite 
conclusions on post-treatment fecundity rates, 
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although a beneficial effect could not be 
excluded. Current indications of treatment are 
symptomatic women with a history of poor 
reproductive potential in terms of infertility 
and/or pregnancy outcome. 


Key Practice Points 

1. Septate uterus may be associated with 
poor reproductive performance and treat- 
ment can be associated with improve- 
ment in fertility outcomes. 

2. Choice of the surgical technique for 
treatment of the septum will depend on 
multiple factors including the thickness 
and extent of the septum. Incision using 
scissors is the simplest technique and is 
associated with the least risk of compli- 
cations and damage to the endometrium. 

3. 3D ultrasound is a useful tool for preop- 
erative assessment of uterine septae and 
also for postoperative evaluation of the 
endometrial cavity. 

4. Care should be taken to minimise the 
risk of intrauterine adhesions particu- 
larly in large a thick septae. 
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Vasilios Tanos 


The Effect of Polyps 
on the Endometrium 


Endometrial polyps affect fertility by mechani- 
cal interference with sperm transport, embryo 
implantation, and increased production of inhibi- 
tory factors such as glycodelin which can inhibit 
natural killer cell function [1]. Furthermore, 
reduced blood flow to the endometrial lining dis- 
turbs implantation and increases the miscarriage 
rate. Abnormal bleeding is a frequent symptom 
due to vascular fragility and surface erosion. 
Chronic endometrial inflammation, endometrial 
erosion and vascular dilatation are usually promi- 
nent characteristics during hysteroscopy. Larger 
polyps may develop ischemic necrosis at their 
apex and undergo torsion and thrombosis [2]. 
The frequency of endometrial polyps being diag- 
nosed at hysteroscopy is 16.5—26.5 % in women 
with unexplained infertility [3], 46.7 % in infer- 
tile women with endometriosis [4] and 0.6-5 % 
in women with recurrent pregnancy loss [5]. 
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Polyp Diagnosis and Preoperative 
Workup 


Sonohysterography and hysterosalpingogram 
(HSG) have similar diagnostic accuracies (52 % 
versus 60 %) [6-8]. HSG has a sensitivity 
between 50 and 98 % for intrauterine lesions, but 
cannot distinguish between submucosal myomas 
and endometrial polyps [9]. 3D ultrasound and 
contrast sonography have excellent sensitivity 
in identifying the exact location of endometrial 
polyps, measure its volume in relation to the 
entire endometrial cavity, and quickly provide 
all the information needed before hysteroscopic 
surgery [10]. Hysteroscopy provides the gold 
standard technique for the diagnosis of a polyp 
and permits treatment under direct vision at the 
same time [11]. A randomized controlled trial 
(RCT) examined the implication of endometrial 
polyps on pregnancy rates in patients undergoing 
intrauterine insemination (IUI) [12]. Infertility 
patients underwent hysteroscopy and were ran- 
domized to a hysteroscopic polypectomy or a 
hysteroscopic biopsy of the polyp. The sponta- 
neous pregnancy rate prior to IUI was 29 % in 
patients who underwent polypectomy whereas 
only 3 % of the women with a polyp removal 
achieved a pregnancy. The clinical pregnancy 
rate after 4 IUI cycles was 63 % in the polyp- 
ectomy group and only 28 % in the other group. 

Of note is that 65 % of all pregnancies in the 
polypectomy group occurred before the first 
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cycle of IUI. No significant difference was found 
between the groups and sizes of the polyps [12]. 


Location of the Polyps 
in the Endometrial Cavity 


Some nonrandomized controlled trials (NRCT) 
have not demonstrated the effectiveness of hys- 
teroscopic polypectomy in enhancing fertil- 
ity [13]. However, these studies are fewer than 
those that do show a benefit. In addition, higher 
pregnancy rates are observed after removal of 
tubocornual polyps when compared to other 
intrauterine locations. Tubocornual polyps may 
have a different effect on reproductive function 
[14]. They may interfere with oocyte/embryo 
transport, especially when they are bilateral and 
large. Polyps in the isthmic-cervical part of the 
uterus may interfere with sperm transport [15]. 


Hysteroscopic Polypectomy 
Techniques 


It is important to modify the operative technique 
according to location and size of the polyps. 
Endometrial polyps <0.5 cm can be removed 
intact with a 5F crocodile forceps or a 5F tenacu- 
lum after resection at the base with 5F microscis- 
sors. Endometrial polyps >0.5 cm can be sliced 
from the free edge to the base in fragments by 
bipolar and /or Twizzle electrode. With fundal 
polyps, it is important to cut the base without 
going too deep into the myometrium [15]. 
Hysteroscopic loop resection is considered 
the gold standard procedure for big polyps usu- 
ally over 2 cm and multiple bases. Glycine or 
manitol/sorbitol are used as distending fluids for 
monopolar resectoscopes. The main disadvan- 
tages being fluid overload and higher risk of uter- 
ine perforation compared to bipolar systems. 
Bipolar resectoscopes utilise normal saline or 
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ringer lactated solution as the distending medium 
and are consequently associated with lower risks. 

Office hysteroscopic polypectomy is also 
feasible, safe and effective. Hysteroscopic 
mechanical polypectomy, 5F electrosurgery or a 
combined technique is feasible in an ambulatory 
set up. Selection of low risk patients with small 
polyps is mandatory. No anaesthesia, paracervi- 
cal block or conscious sedation are all feasible 
with excellent patient compliance, intraopera- 
tive and post operative results. Larger polyps are 
best removed under general anaesthesia with a 
laryngeal mask. Whatever the technique used in 
an ambulatory setting or in the operating theater, 
hysteroscopic polypectomy is consider small and 
day case surgery. 

Recent technological advancements with the 
development of hysteroscopic morcelators and 
shavers offer new surgery modalities for polypec- 
tomy, equally effective to resectoscopes and can 
be faster while demanding less skills and having 
a shorter learning curve [16-18]. The resected 
chips are destructed and evacuated automatically 
from the uterine cavity leaving the operating field 
clear while the high speed rotational movements 
of the instruments tip acts mechanically as a hae- 
mostatic, closing the micro vessels. In addition 
there may be less damage the subendometrial 
area in cases of resection of the base of large fun- 
dal fibroids. Of course these new tools need fur- 
ther development and improvements. The 
Myosure Hologic morcelator is a disposable 
expensive instrument while the IBS shaver has 
multiple use tips and a double set of pumps. 

In conclusion polypectomy improves fertility 
potential. Tubocornual and fundal polyps cause 
more infertility problems than polyps situated in 
other locations within the endometrial cavity. 
With large polyps, hysteroscopic resection 
remains the gold standard but the introduction of 
newer devices such as shavers and morcelators 
can reduce the learning curve, increase safety and 
potentially reduce the risk of endometrial injury. 
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Key Practice Points 

1. Endometrial polyps are not an uncom- 
mon finding at hysteroscopy in women 
with unexplained infertility and preg- 
nancy loss 

2. Tubocornual and fundal polyps cause 
more infertility problems than polyps 
situated in other locations. 

3. Removal of polyps prior to fertility 
treatment significantly improves fertil- 
ity outcomes. 


4. The introduction of newer devices such 


as hysteroscopic shavers and morcela- 
tors can reduce the learning curve and 
reduce the risk of endometrial injury. 
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A Treatment Strategy to Improve 


Implantation Rates 


Carol Coughlan 


Implantation continues to be a rate-limiting step, 
despite the various advances and the increasing 
success rates of assisted conception treatment in 
recent years. For implantation to occur a blasto- 
cyst must attach to and invade the endometrium 
under the influence of both oestrogen and proges- 
terone (Fig. 22.1). Many factors can affect an 
embryo’s implantation potential, including sperm 
and oocyte quality in addition to iatrogenic fac- 
tors such as laboratory conditions and embryo 
transfer technique. In addition, many conditions 
of the uterine cavity may influence the ability of 
the embryo to implant. Submucosal fibroids 
which distort the endometrial cavity are associ- 
ated with decreased pregnancy and implantation 
rates in women who attempt to conceive sponta- 
neously or who are proceeding with IVF treat- 
ment [1—4]. Pregnancy rates improve following 
the resection of fibroids distorting the uterine 
cavity [5-9]. Fertility is also thought to be nega- 
tively affected by endometrial polyps by interfer- 
ing with embryo implantation, sperm transport or 
as a result of increased production of inhibitory 
factors such as glycodelin that can inhibit natural 
killer cell function [10]. A recent study found 
that hysteroscopic removal of endometrial polyps 
resulted in doubling of the clinical pregnancy rate 
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in women undergoing intrauterine insemination 
treatment [11]. 

Endometrial receptivity may also be adversely 
affected by the presence of hydrosalpinges [12]. The 
National Institute for Clinical Excellence recom- 
mends where a hydrosalpinx is identified, salpingec- 
tomy preferably by laparoscopy prior to IVF because 
this improves the chance of a live birth [12, 13]. 


Fig. 22.1 For implantation to occur a blastocyst must 
attach to and invade the endometrium under the influence 
of both oestrogen and progesterone (From Coughlin et al. 
[40], with permission) 
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Historical observations made in the guinea pig 
provided the first evidence that endometrial injury 
to the endometrium of the progestational guinea 
pig uterus resulted in decidualization and subse- 
quent improved uterine receptivity to implantation 
[14]. Several studies have examined the impact of 
endometrial injury in the luteal phase preceding an 
IVF treatment cycle in women with recurrent 
implantation failure [15-23]. There appears to be 
convincing evidence of benefit of superficial endo- 
metrial injury or endometrial scratch in improving 
the implantation rate in this group of women. 


Evidence for Endometrial Trauma 
and Improved Implantation Rates 


Barash et al. (2003) explored the possibility that 
local injury of the endometrium in the cycle pre- 
ceding IVF treatment increases the success rate 
of implantation in a prospective study involving 
130 patients who failed to conceive after one or 
more IVF treatment cycles [15]. Forty five out of 
134 subjects were randomised by consent to have 
repeated endometrial biopsy on days 8, 12, 21 
and 26 of the cycle immediately before the [VF 
treatment cycle. They found that the treatment 
resulted in a significant improvement (approxi- 
mately double) in the rates of implantation, clini- 
cal pregnancy and live births (27.7, 66.7 and 
48.9 % respectively), compared with control sub- 
jects who did not have endometrial biopsies 
(14.2, 30.3 and 22.5 % respectively). Similarly, a 
further study identified a favourable influence of 
local injury to the endometrium in intracytoplas- 
mic sperm injection patients with high-order 
implantation failure [16] . Finally, two recent sys- 
tematic reviews and meta-analyses of the avail- 
able literature showed a beneficial effect of local 
endometrial injury in RIF but advised that further 
robust randomized trials are required [17, 18]. 


Mechanisms by Which Endometrial 
Trauma May Improve Implantation 


The mechanism by which endometrial scratch leads 
to improvement in IVF outcome in women with 
recurrent implantation failure remains unclear. 
Many investigators speculate that the repair process 
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following local injury is associated with increased 
production of various growth factors conducive to 
implantation [15, 18, 24, 25]. Endometrial gene 
modulation following endometrial injury has also 
been hypothesised to increase endometrial receptiv- 
ity [26]. It is recognised that endometrial develop- 
ment in IVF cycles is more advanced than that of 
natural cycles by 2—4 days [27, 28]. It has been sug- 
gested that repeated IVF failure might be related to 
asynchrony of the endometrium with the embryo 
stage [24, 27, 29, 30]. It has also been postulated 
that local endometrial injury in stimulated cycles 
delays the endometrial development due to the 
wound repair process correcting the asynchrony 
between endometrial and embryo stage [22]. 


Timing 


There have been two RCTs which examined the 
value of endometrial biopsy or endometrial 
scratch in the luteal phase on IVF outcome in 
women who have had repeated failures [19, 20]. 
The pooled live birth rate in these two RCTs was 
significantly higher, more than double that of the 
control subjects. On the other hand, the pooled 
data from an RCT on endometrial scratch carried 
out in the follicular phase of the index cycle 
showed no convincing evidence of benefit [31]. 

The overall conclusion of these studies suggests 
that endometrial scratch is of benefit in women 
with RIF but it should be carried out approxi- 
mately 7 days prior to the onset of menstruation, 
immediately before the start of ovarian stimulation 
for IVF treatment. However, all couples should be 
advised regarding the importance of protected 
intercourse in the month of the endometrial scratch 
as when carried out in the luteal phase of the cycle 
there is the risk of performing the procedure in the 
presence of an early pregnancy. 


Techniques of Inducing 
Endometrial Injury 


Endometrial injury or scratch could simply be 
performed by the use of a Pipelle endometrial 
biopsy sampler (Laboratoire C.C.D. Paris) 
(Fig. 22.2a—c). After the Pipelle sampler is 
introduced into the endometrial cavity, the inner 


22 Local Endometrial Trauma: A Treatment Strategy to Improve Implantation Rates 


Fig. 22.2 (a—c) Endometrial injury or scratch could sim- 
ply be performed by the use of a pipelle endometrial 
biopsy sampler (Laboratoire C.C.D. Paris). In (a) arrow 
indicates insertion of pipelle catheter, In (b) arrow indi- 


shaft is withdrawn to create a negative suction 
after which the Pipelle sampler is gradually 
rotated as it is moved up and down the endome- 
trial cavity several times to produce the “scratch- 
ing” action. In some centres, trial embryo 
transfers are routinely carried out prior to IVF 
treatment. In this situation, endometrial scratch 
and trial embryo transfer may be carried out at 
the same time. 

Apart from the use of a Pipelle endometrial 
sampler, endometrial biopsy may also be carried 
out at the time of hysteroscopy. Hysteroscopy is 
not only a diagnostic tool; it allows therapeutic 
procedures to be carried out at the time of 
diagnosis. Hysteroscopy is one of the most impor- 
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cates withdrawing of inner catheter and In (c) arrow indi- 
cates rotation of pipelle catheter and aspiration of 
endometrial tissue (From Coughlan et al. [40], ith 
permission) 


tant investigations in women with RIF. Current evi- 
dence suggests that the incidence of abnormal 
hysteroscopic findings in women with recurrent 
IVF failures varies between 25 and 50 % [32]. It is 
useful to time the hysteroscopy to take place in the 
luteal phase of the cycle preceding IVF treatment 
as hysteroscopic directed endometrial biopsy 
(scratch) may also be performed at the same time to 
improve the implantation rate [33, 34]. However, 
when hysteroscopy is performed in the mid-luteal 
phase, the possibility of disturbing a spontane- 
ously occurring pregnancy should be explained 
and women advised to consider protected sexual 
intercourse in the treatment cycle. On the other 
hand, hysteroscopy performed in the follicular 
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phase has an advantage that the endometrium is 
thinner and the visibility is better. 

Two prospective, randomised controlled stud- 
ies confirmed the value of hysteroscopy in 
women with RIF demonstrating significantly 
increased clinical pregnancy rates when endome- 
trial biopsy and hysteroscopy were carried out in 
the luteal phase of the cycle preceding IVF treat- 
ment [33, 34]. 

A multi-centre randomised controlled study of 
pre-IVF outpatient hysteroscopy is currently 
being performed to evaluate whether outpatient 
hysteroscopy prior to starting an IVF cycle 
improves the likelihood of achieving a live birth 
in women who have experienced two to four IVF 
implantation failures [35]. 


Who Will Benefit from Endometrial 
Trauma? 


A study was performed to determine if a sub- 
group of women with recurrent implantation fail- 
ure were more likely to benefit from endometrial 
scratch than others [36]. It was found that, among 
the various factors examined, only the concentra- 
tion of FSH appeared to have a significant prog- 
nostic value. Women with FSH <10 iu/l were 
nearly three times more likely to benefit from 
endometrial scratch than women with FSH > 10 
iu/l. Interestingly age, body mass index, antimul- 
lerian hormone, free androgen index, total num- 
ber of embryos previously transferred and prior 
number of embryo transfer cycles did not appear 
to have any significant predictive value [36]. It 
appears that when the underlying reason for 
recurrent implantation failure is embryological in 
origin, endometrial scratch is unlikely to improve 
the outcome [36]. When failure is associated with 
aberrant endometrial function one may expect 
that endometrial scratch is more likely to be ben- 
eficial. This is consistent with the study findings 
that an FSH concentration of >10iu/1 was associ- 
ated with a lower chance of pregnancy after 
endometrial scratch, since this would be a reflec- 
tion of reduced oocyte quality. 

It is unclear if the impact of endometrial 
scratch varies in women with different underlying 
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aetiologies for their infertility. It would be of par- 
ticular interest to determine if an endometrial 
scratch is more or less likely to benefit women 
with endometriosis, especially as there is con- 
flicting evidence in the literature that the implan- 
tation rate in this group of women is adversely 
affected [37-39]. 


Conclusion 

In conclusion, the available evidence to date 
points towards a potential benefit to both hys- 
teroscopy or endometrial biopsy in the cycle 
immediately preceding IVF treatment but fur- 
ther large, prospective, randomised studies are 
required to conclusively prove this and allow 
the introduction of this novel procedure into 
routine clinical practice. 


Key Practice Points 

1. There is evidence that superficial endome- 
trial injury can improve implantation rates 
in women with recurrent implantation 
failure undergoing IVF/ICSI treatment. 

2. Endometrial scratch should be per- 
formed in the luteal phase of the preced- 
ing cycle prior to IVF. 

3. All couples should be advised regarding 
the importance of protected intercourse 
in the month of the endometrial scratch 

4. Women with a baseline FSH concentra- 
tion <10 iu/l are more likely to respond 
to endometrial scratch than those with 
higher FSH concentrations 
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Part VIII 


Surgical Management of Male Infertility 


Muhammad A. Akhtar and Yasmin Sajjad 


Male infertility affects approximately 1 in 20 
men and incidence is on the rise [1]. A reduction 
in sperm production (oligozoospermia) is often 
associated with abnormalities in sperm morphol- 
ogy and motility [2]. The complete absence of 
sperm in semen is known as azoospermia which 
could be due to obstructive or non-obstructive 
causes and this is found in 15-20 % of infertile 
men [3]. 

Within the last 20 years, diagnostic strategies 
and management modalities for male infertility 
have undergone extensive modifications. The sub- 
stantially increased success in the management of 
male factor infertility witnessed in the recent 
years is attributed to major advances in the area of 
male infertility surgery. This includes improve- 
ment in microsurgical reconstructive techniques 
leading to increased success rate in reconstruction 
of male reproductive tract with minimal morbid- 
ity [4]. Moreover, refined surgical techniques for 
surgical sperm retrieval (SSR) [5] combined with 
the successful application of in vitro fertilization 
(IVF) with intracytoplasmic sperm injection 
(ICSI) has given previously infertile couples the 
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ability to achieve a pregnancy [4, 6, 7]. Even men 
with testicular failure identified as non-obstructive 
azoospermia, once regarded as hopeless cases, 
can now father biological offspring [5]. 

In the past, for the diagnosis of spermatogene- 
sis, testicular biopsy was generally reserved only 
for men with normal follicle-stimulating hormone 
(FSH) levels and testicular volumes, but now this 
procedure is indicated for all men with obstructive 
or non-obstructive azoospermia. Furthermore, 
testicular biopsy is not only used for diagnostic 
purposes but has also been utilized extensively as 
a therapeutic tool for retrieval of sperm that may 
be used immediately for IVF with ICSI or could 
be cryopreserved for future use. 

Although this advancement in the field of 
assisted reproductive technology now provides 
a mean to treat even the most severe forms of 
male-factor infertility (including irreparable 
reproductive tract obstruction and non-obstruc- 
tive azoospermia) with ICSI, this procedure is 
costly and is not without risks and complica- 
tions. These risks for ICSI include the possibil- 
ity of ovarian hyperstimulation, the potential 
complications of oocyte retrieval and multiple 
gestations [8]. Moreover, because it bypasses 
all natural biological barriers, ICSI raises real- 
istic concerns about passing genetic abnormali- 
ties to offspring [9, 10]. Recent evidence clearly 
indicates that specific treatments for male-factor 
infertility (microsurgical reconstruction for 
obstructive azoospermia and varicocelectomy) 
remain the safest and most cost-effective ways 
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of managing infertile men, when applicable 
[11-14]. In addition, microsurgical reconstruc- 
tion, if successful, allows couples to have sub- 
sequent children without additional medical 
treatment. Thus, appropriate selection of couples 
for assisted reproductive technologies and care- 
ful genetic counseling are essential. 

In general, most infertile couples are not inves- 
tigated before 1 year after regular unprotected 
sexual intercourse. However, if there are other risk 
factors for infertility in either the male or female 
partner, early investigations should be carried out 
[15]. Evaluation of both partners is important 
before reaching a final decision on the manage- 
ment of the couple with infertility due to azoosper- 
mia. Other factors either unrelated or indirectly 
related to the obstructive or non-obstructive azo- 
ospermia may play a role in the decision regarding 
management. For instance, congenital bilateral 
absence of the vasa deferentia (CBAVD) is a com- 
mon cause of obstructive azoospermia and is asso- 
ciated with mutations in the cystic fibrosis trans 
membrane conductance regulator (CFTR) gene 
[16, 17]. The female partner should be offered cys- 
tic fibrosis (CF) testing before proceeding with 
treatment that utilize the sperm from men with 
CBAVD because of the high risk of the male being 
a CF carrier. Counselling is recommended before 
proceeding with SSR and ICSI because of the risk 
of the transmission of cystic fibrosis to the off- 
spring [18]. Since female factors also play an 
important role, the female partner should also be 
offered some fertility evaluation prior to making 
decision about SSR or reconstructive surgery. If 
male abnormality is discovered, there is a 25 % 
chance that there will be an abnormality found in 
female partner [19]. The fertility status of the 
female partner is related to the presence or absence 
of specific risk factors, most importantly age, 
because a woman’s fertility progressively declines 
after the age of 35 years and is limited after 40 
years [20]. Other factors such as endometriosis, 
ovulatory dysfunction, and tubal factors should 
also be evaluated. When the female partner has 
tubal disease or has undergone tubal ligation, SSR 
with IVF/ICSI is clearly preferable because it 
avoids subjecting both partners to reconstructive 
microsurgery. 
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Azoospermia 


Azoospermia, defined as complete absence of 
sperm from the ejaculate, is present in less than 
2 % of all men [21] and in 15 % of infertile 
men [22]. Azoospermia can be divided into two 
groups — obstructive (OA) and non-obstructive 
(NOA). Obstructive azoospermia is usually due 
to a blockage in the ducts where there is no 
effect on spermatogenesis and therefore sperm 
can be extracted from the epididymis 99 % of 
the time [23]. Obstruction of the ductal system 
is responsible for approximately 40 % of cases 
[22]. Obstructive azoospermia may result from 
epididymal, vasal, or ejaculatory duct pathol- 
ogy. This could be due to infections, iatro- 
genic injury, genetic and congenital disorders. 
Acquired obstructive conditions are often due 
to bacterial infections such as STI’s or urinary 
tract infections which cause scarring and block- 
age of the epididymis. Vasectomy and other 
surgical procedures in the inguinal region such 
as hernia repair and orchidopexy can also dam- 
age the vas deferens [24]. Men with obstruc- 
tive azoospermia usually have normal testes 
and normal hormone levels [25]. In patients 
with OA, testicular volume would be normal 
on palpation with normal serum levels of fol- 
licle-stimulating hormone (FSH), testosterone, 
inhibin and normal testicular ultrasound find- 
ings will be seen. Further typical features are 
enlarged and hardened epididymal segments 
or missing vasa deferentia, such as in CBAVD 
[26]. The presence of a low volume (<1.5 ml) 
acidic (pH<7.0) azoospermic ejaculate with 
absent or low fructose and epididymal thick- 
ening is pathognomonic of OA due to either 
CBAVD or ejaculatory duct obstruction (the 
differential diagnosis would be the presence of 
the vas in the latter) [25]. 

On the other hand, diagnostic criteria for 
NOA may include reduced testicular volume 
(<10 cc), loss of testicular resilience on palpa- 
tion and flat epididymis. Some men may have 
a history of cryptorchidism. Hormonal evalu- 
ation of a man with NOA will typically dem- 
onstrate an elevated serum FSH, with normal 
or nearly normal testosterone and estradiol 
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levels. In some cases testicular disorders may 
be combined with phenotypic anomalies as in 
Klinefelter syndrome [27] where the testes are 
soft and atrophic with raised level of gonado- 
trophin and low levels of testosterone. Systemic 
illness or endocrine disorders that adversely 
affect testicular function may also be found 
[28]. NOA, on the other hand is due to defec- 
tive spermatogenesis within the testes causing 
SSR to be more difficult and invasive [29]. 
High levels of FSH and testes which are smaller 
in size than normal are suggestive of testicular 
failure [25]. 


Management of Male Infertility 


It is suggested that around one third of infertile 
males have disorders which can potentially be 
treated with surgery. Azoospermic males who 
do not qualify for surgery or they underwent an 
unsuccessful reconstructive surgery, could be 
managed using SSR techniques and assisted 
reproduction. Therefore surgery can be of ben- 
efit to over 50 % of infertile men [4]. Irrespective 
of whether its surgical sperm recovery (SSR) or 
re-constructive surgery, it poses little risk to 
patient while offering a chance to achieve preg- 
nancy and improved quality of life socially and 
psychologically for these infertile couples. The 
techniques described in this chapter can be tech- 
nically demanding and require both intensive 
microsurgical training and a thorough knowl- 
edge of the anatomy and physiology of the male 
reproductive system. 

As there are a wide range of causes for male 
infertility, a diagnosis should be sought before 
any treatment is considered. However, the major- 
ity of cases remain unexplained and no specific 
cause is identified [2]. As a result, the manage- 
ment of male infertility is either aimed at treating 
a known condition such as a varicocele or hypo- 
gonadism or non-specific treatment for an idio- 
pathic cause of infertility. Treatment is either 
medical or surgical in nature. This review focuses 
only on the surgical management of couples with 
infertility due to azoospermia. 


233 


Surgical Management 
of Male Infertility 


Historically, absence or low number of sperm in 
the ejaculate often precluded men from fathering 
their own genetic progeny and relegated couples 
to the use of donor spermatozoa insemination, 
adoption or childlessness [29]. 

With the development of ICSI in the early 
1990s, men with severe oligozoospermia or 
azoospermia have been able to father chil- 
dren following the injection of a single sperm 
into the cytoplasm of a single oocyte [30, 31]. 
Therefore, sperm retrieved directly from the tes- 
tes has been used to successfully fertilise oocyte 
leading to clinical pregnancy. Unfortunately, 
non-invasive testing has proven incapable of 
predicting which azoospermic men will actu- 
ally harbor sperm within the testicle [32, 33]. 
Currently, the only reliable predictor of sper- 
matogenesis is the histological or cytological 
identification of mature spermatozoa within 
sampled testicular tissue. Therefore, surgical 
management of male infertility provides many 
options to the couple with male factor infertil- 
ity. Problems amenable to surgery include vari- 
cocele, obstruction in the vas deferens and /or 
epididymis, or SSR for IVF with intracytoplas- 
mic sperm extraction. 


Pre-operative Assessment 


Diagnosis of an infertile male involves taking a 
comprehensive history including medical, surgi- 
cal, social, drug, & reproductive history. The his- 
tory focuses on the identification of predisposing 
conditions or lifestyle factors which could have 
an impact on fertility. Physical examination is 
necessary to identify potentially correctable 
causes of male factor infertility. Essential investi- 
gations required include semen analysis and hor- 
monal analysis (FSH, LH, testosterone, Prolactin, 
Inhibin). All this would provide about a 90 % 
ability to predict whether the cause is obstructive 
or non-obstructive [26]. Its important to make 
this diagnosis, prior to planning for SSR, as the 
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choice of retrieval method would differ 
accordingly. 


Low levels of gonadotrophins could be 
detected before carrying out SSR procedures. In 
most cases, appropriate endocrine replacement 
for several months will induce spermatogenesis, 
allowing for sufficient numbers of sperm to har- 
vest from ejaculation for intrauterine insemina- 
tion. Prolactin- secreting adenomas require 
therapy with dopamine antagonists [34]. 
Testicular SSR rates are poor in men with FSH 
levels >20 IU/I [35]. 


Scrotal Ultrasound 


Imaging of the scrotum and testes can be per- 
formed mainly by ultrasound to evaluate testicu- 
lar volume and morphology [36]. The ASRM/ 
AUA Practice Guidelines do not recommend 
routine application of scrotal ultrasound for eval- 
uation of the infertile male, although ESHRE 
guidelines do support routine ultrasound exami- 
nation [25]. The author would recommend rou- 
tine scrotal ultrasonography in the evaluation 
of male infertility, especially those with severe 
oligozoospermia and azoospermia. The high 
prevalence of testicular malignancies under- 
lines the clinical relevance of routine scrotal 
ultrasonography in infertile men, as it has been 
shown that male infertility increases the risk of 
testicular cancer by a factor of three [37]. Pierik 
et al. 1999 [38] reported that the risk of testicu- 
lar tumors was found to be higher (1/200) than 
that reported for the general European popula- 
tion (1/20,000). The risk of testicular microli- 
thiasis was found to be 0.9 % which is another 
potential risk for testicular cancer [39]. This 
demonstrates that testicular tumours can pres- 
ent in an infertility clinic among men with nor- 
mal as well as an abnormal semen analysis. A 
plea is made for the greater use of diagnostic 
ultrasound among infertile men [40], as it diag- 
noses testicular tumours when not palpable by 
physical examination [41]. Ultrasound should 
be strongly considered for patients with a his- 
tory of cryptorchidism, previous history of tes- 
ticular surgery or orchidopexy and for men who 
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have any unexplained abnormalities on testicular 
examination. It should also be considered if 
body habitus limits physical examination of the 
scrotum or if the findings on physical examina- 
tion are equivocal [25]. Ultrasound may also be 
of value in patients who are for repeat SSR after 
previous testicular biopsy, since intra-testicular 
hematomas or scar tissue formation commonly 
occur and affect the timing for subsequent SSR 
procedures. It is recommended that at least a 6 
months interval should be given between repeat 
biopsies. Additional follow-up of azoospermic 
men after fertility efforts or completing family 
may be warranted as there is an increased risk of 
developing cancer in later life [42]. 


Karyotype Testing 


For men with severe male factor infertility, 
including sperm concentrations less than 5 x 10°/ 
cc, non-obstructive azoospermia and primary 
testicular failure of unknown origin should be 
offered karyotype evaluation with Y chromosome 
micro-deletion analysis prior to offering treat- 
ment with assisted reproduction. The prevalence 
of such abnormalities relates inversely to the 
sperm concentration; the prevalence is 10-15 % 
in azoospermic men, approximately 5 % in oli- 
gozoospermic men and less than 1 % in men 
having normal sperm concentration [43, 44]. Sex 
chromosomal aneuploidy (Klinefelter syndrome) 
accounts for approximately two-thirds of chro- 
mosomal abnormalities observed in infertile men 
whilst the prevalence of structural abnormalities 
in the autosomes, such as inversions and translo- 
cations, also is higher in infertile men than in the 
general population [45]. 

Most deletions causing azoospermia or oligo- 
zoospermia occur in non-overlapping regions of 
the long arm of Y chromosome (Yq11), desig- 
nated as AZFa (proximal), AZFb (central), and 
AZFc (distal) These regions of the Y chromo- 
some appear to contain multiple genes neces- 
sary for spermatogenesis. For example, the DAZ 
(deleted in azoospermia) gene, which encodes a 
transcription factor usually present in men with 
normal fertility, is located in the AZFc region Y 
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chromosome microdeletion analysis can be useful 
in patients with no sperm in their ejaculate since 
certain microdeletions make it very unlikely to 
find any sperm within the testicle. Male patients 
carrying deletions of azoospermia factor (AZF) 
genes located on the Y chromosome do not show 
any phenotypic abnormalities other than complete 
(AZFa, AZFb) or partial (AZFc) disruption of 
spermatogenesis [46]. 

While sperm can be found within the testes 
of approximately 70 % of patients with partial 
or complete AZF-c deletion, however, deletions 
involving the entire AZF-b region appear to pre- 
dict a very poor prognosis for SSR, even with 
extensive testicular biopsies [47]. The same is 
true for men with deletions involving the entire 
AZF-a region [48, 49]. Whilst Genetic testing 
may provide prognostic information for SSR, 
with advanced infertility treatments such as 
ICSI, the increasing risk of male children genet- 
ically inheriting the Y microdeletion makes test- 
ing important for the future parents [50]. 
Therefore, genetic counselling should be offered 
whenever a genetic abnormality is suspected in 
men with non-obstructive azoospermai and they 
should be offered karyotyping and 
Y-chromosome analyses before their sperm are 
used for ICSI. 


Preoperative Considerations 


Prior to performing any SSR operation, the pro- 
cedure, results, and potential complications 
should be discussed with the patient and his part- 
ner, ideally by the clinician who will be perform- 
ing the procedure. The patient should sign an 
informed surgical consent and is required to com- 
plete HFEA (Human fertilization & Embryology 
authority, UK) consent forms for the storage and 
subsequent use of stored sperm. Viral screening 
should be checked before surgery as the sperm 
would need to be cryopreserved in case of posi- 
tive biopsy results. The surgical sperm recovery 
procedure is usually performed as a day-case 
procedure under general anaesthetic, therefore 
the patient should be instructed that someone 
needs to accompany him after discharge. In addi- 
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tion, aspirin and/or non-steroidal anti-inflamma- 
tory drugs should be avoided for 1 week before 
surgery. Those patients taking anti-coagulating 
agents should discontinue the medication during 
the preoperative period. Scrotal hair shaving is 
required for open retrievals. If there are any con- 
comitant medical conditions, the patients should 
be reviewed by the anaesthetist prior to surgery. 
Especially, patients with cystic fibrosis who are 
not fit for general anaesthetic, suitability for 
alternative anaesthesia i.e. spinal or cordal block 
needs to be discussed. The patients should be 
instructed not to eat or drink any fluids after mid- 
night, the night before the operation. Chewing 
gum and smoking is to be strictly avoided. The 
patient is advised to bring some Y-front or similar 
supportive underpants such as a jock strap with 
him to the hospital and to wear these continu- 
ously for 48 h after the operation to minimise any 
discomfort, swelling and protect the scrotum and 
testes. 


Anaesthesia for SSR 


SSR procedure can be performed under short 
intravenous sedation, local, regional anaesthe- 
sia or general anaesthetic. Depending, whatever 
procedure is being performed it is feasible to 
provide efficient anaesthesia simply by using 
local or local regional anaesthesia with or 
without sedation. However, most patients are 
anxious, apprehensive and worried, probably 
because SSRs are carried out in a very delicate 
and sensitive region of the male body. For these 
reasons related to the high expectations associ- 
ated with the procedure, patients undergoing 
SSR could have general anaesthesia. For patients 
with severe cystic fibrosis where General anaes- 
thetic may not be appropriate or contraindicated 
due to severe respiratory issues, anaesthesia for 
surgery on the testicles and epididymis can eas- 
ily be obtained by performing either a spinal 
anaesthesia or an epidural block. 

Some centres use spermatic cord block which 
is a relatively simple procedure that can be per- 
formed to provide anaesthesia to the testicle and 
epididymis. The relatively superficial position 
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of the spermatic cord near the external inguinal 
ring makes this an ideal position for placement 
of local anaesthesia for testicle and epididymis. 
The spermatic cord block offers anaesthesia to 
only the testicle and epididymis but not the 
overlying skin, including the scrotum and supra 
pubic region. Anaesthesia to the overlying skin, 
scrotum, and supra pubic regions is achieved 
with the ilioinguinal and iliohypogastric nerve 
blocks [51]. 

Spermatic cord block can be feasible for 
PESA, TESA and unifocal TESE procedure 
but for open scrotal exploration for multifocal 
biopsies and Micro TESE, general anaesthetic 
is better because of the time taken to complete 
the procedure. Spermatic cord block provides a 
good post-operative pain relief supplemented 
with local infiltration with local anaesthetic. 
Post-operative pain relief can be achieved with 
ilioinguinal, iliohypogastric or genital branch of 
genitofemoral nerve block. The patient should be 
warned about leg weakness following the nerve 
block. For pain relief, the author routinely uses 
genital branch of genitofemoral nerve block with 
local infiltration. 


SSR Techniques 


Sperm can only be collected from the epididy- 
mis in patients with obstructive azoospermia. 
Testicular retrievals of sperm are performed 
in obstructive patients who have unsuccess- 
ful epididymal collection or in non-obstructive 
cases [25]. Certain obstructive causes can be 
treated by reconstructive surgery, but azoosper- 
mic men who are not candidates for surgery or 
who remain azoospermic after surgical recon- 
struction could benefit from SSR techniques, 
thereby utilising the retrieved sperm for assisted 
conception. 


What Are the Different Methods? 


Testicular SSR could be performed in either 
OA or NOA cases (Table 23.1). In OA, 
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testicular retrievals are carried out after failed 
epididymal retrieval or as a primary retrieval 
procedure in cases of absent epididymis or 
intense epididymal fibrosis. In NOA, testicular 
SSRs are the only option for the collection of 
sperm. Men with bilateral testicular volume 
<8 ml, elevated FSH levels >10 IU/I indicate 
a significantly reduced testicular SSR yield [52]. 
However, according to European Association 
of Urology (EAU) guidelines, high FSH levels 
alone do not exclude patients from TESE pro- 
cedures. The ultimate diagnosis for spermato- 
genesis would be analysis of extracted 
testicular tissue. 

Various surgical methods have been devel- 
oped to retrieve sperms either from epididymis 
or testis according to the cause of azoospermia. 
These include percutaneous epididymal sperm 
aspiration (PESA) [53] and microsurgical epi- 
didymal sperm aspiration (MESA) [6]. These 
can be successfully used to retrieve sperms 
from the epididymis in men with obstructive 
azoospermia. 

Testicular sperm aspiration (TESA) can be 
used to retrieve sperm from the testes in men with 
OA who fail PESA and in men with NOA [54]. It 
also includes testicular fine needle aspiration 
(TFNA). 

Testicular sperm extraction (TESE) using sin- 
gle or multiple open biopsies [53, 55] and, more 
recently, microsurgery (micro-TESE) are indi- 
cated for men with NOA. Surgically retrieved 
sperms could be used for cryopreservation and/or 
intracytoplasmic sperm injection (ICSI) during 
assisted reproduction. 

The goals of SSR are to [56]: 

(i) Retrieve an adequate number of sperm 
for both immediate use and for 
cryopreservation 

(ii) Obtain the best quality sperm possible, and 

(iii) Minimise damage to the reproductive tract 
to avoid jeopardizing future SSR attempts or 
testicular function. 

Published meta-analysis reported no signifi- 
cant difference in pregnancy rates when com- 
paring epididymal and testicular sperm 
collected from obstructive azoospermia 
patients [57]. 
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Table 23.1 Methods of SSR techniques with indications 


Technique 


Percutaneous 
epididymal sperm 
aspiration (PESA) 


Microsurgical 
epididymal sperm 
aspiration (MESA) 


Testicular sperm 
aspiration (TESA, 
TEFNA) 


Testicular sperm 
extraction (single or 
multiple biopsies) 
(TESE) 


Microsurgical 
testicular sperm 
extraction 
(Micro-TESE) 


Indication 


Obstructive Azoospermia 


Obstructive Azoospermia 


Failed PESA in 
obstructive Azoospermia 
Any Failed TESA in 
non- obstructive 
Azoospermia 
Epididymal agenesis in 
congenital absence of vas 
deferens 

Failed PESA or TESA in 
obstructive Azoospermia 
Non obstructive 
Azoospermia 


Non obstructive 
Azoospermia 


Benefits 


Quick, repeatable, less costly, 
low morbidity, no 
microsurgical expertise or 
surgical exploration required 


Good cryopreservation as 
more number of sperms 
retrieved, less risk of 
hematoma, feasible 
reconstruction if required 
Quick, repeatable, less costly, 
low morbidity, no 
microsurgical expertise or 
surgical exploration required, 
very few complications 


Quick, repeatable, no 
microsurgical expertise 
required 


Good cryopreservation as 
more number of sperms 
retrieved in nonobstructive 
azoospermia, fewer 
complications 
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Drawbacks 


Cryopreservation limited as less 
numbers of sperms retrieved, 
complications include fibrosis/ 
obstruction at aspiration site, 
hematoma, spermatocele 


Time consuming, costly, micro 
surgical expertise and surgical 
exploration required, 
Postoperative discomfort is 
common 

Cryopreservation limited as less 
numbers of sperms retrieved, 
complications include hematoma, 
testicular atrophy 


Few sperms retrieved with poor 
success rate in nonobstructive 
azoospermia, complications 
include testicular atrophy 
associated with multiple biopsies 
and postoperative pain 

Time consuming, costly, micro 
surgical expertise and surgical 
exploration required, 
Postoperative discomfort is 
common 


Percutaneous Epididymal Sperm 
Aspiration (PESA) 


This technique is used to retrieve sperms for 
obstructive azoospermia. It was first described in 
1994 by Craft et al. [54]. This SSR technique is 
the least invasive, easily repeatable, quickest to 
perform and is the first treatment option for 
obstructive azoospermia which cannot be surgi- 
cally corrected. Different techniques can be used 
to perform PESA. Originally, the use of a larger 
butterfly needle was described [54] (Fig. 23.1) 
but currently, most experts use a fine needle (26 
gauge) attached to a tuberculin syringe contain- 
ing sperm washing medium [55, 58]. 

The technical procedure for percutaneous 
epididymal sperm aspiration involves (Fig. 23.2), 
stabilisation of epididymis between the index fin- 
ger, thumb and a forefinger,and a 26-guage needle 
which is attached to a 1-ml tuberculin syringe, is 


inserted into the epididymis by piercing the scro- 
tal skin. After creating negative pressure by pull- 
ing the syringe plunger, the tip of the needle is 
gently and slowly moved in and out inside the 
epididymis until clear fluid is aspirated and is 
seen coming in the tuberculin syringe. Minimal 
amount of fluid is aspirated, usually 0.1 ml except 
in cases of congenital absence of vas deferens 
where up to 1.0 ml of fluid is aspirated. Aspirated 
fluid from the epididymis is flushed into a tube 
containing warm sperm culture medium. The tube 
containing the epididymal aspirate is taken to the 
laboratory for immediate microscopic examina- 
tion to identify sperm under the microscope. If 
motile sperm are not obtained, PESA may be 
repeated at a different site (from the cauda to 
caput epididymis) until an adequate number of 
motile sperm is retrieved. Because PESA is a 
blind procedure, multiple attempts may be needed 
before high-quality sperm are found. 
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Fig. 23.1 Percutaneous 
epididymal sperm 
aspiration (PESA) 
performed with butterfly 
needle (Illustrations used 
with permission from P N 
Schlegel, Cornell Medical 
Center, USA.) 


Fig. 23.2 Percutaneous 
epididymal sperm 
aspiration (PESA) 
performed with syringe 


The disadvantage of this technique is that 
sometimes an inadequate number of sperm are 
collected and the surgeon may have to proceed to 
another approach [29]. If PESA fails to retrieve 
motile sperm, testicular SSR can be attempted at 
the same operative time. 


Micro-surgical Epididymal Sperm 
Aspiration (MESA) 


This technique is used to retrieve sperms for 
obstructive azoospermia and was first described 
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by Temple-Smith et al. [59]. It is an alternative to 
PESA in obstructive azoospermia and involves a 
2-3 cm transverse incision through the scrotum 
into the epididymis so that an operating micro- 
scope can be used to extract sperm [55]. As this 
technique involves exposing the inside of the epi- 
didymis, it allows the surgeon to aspirate a much 
larger amount of sperm compared to PESA [29]. 
The epididymal tunica is incised, and an enlarged 
tubule is selected. Then, the epididymal tubule is 
dissected and opened with sharp microsurgical 
scissors. The fluid that flows out of the tubule is 
aspirated with the aid of a silicone tube or a needle 
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Fig. 23.3 Microsurgical 
sperm aspiration (MESA) 
(Illustrations used with 
permission from P N 
Schlegel, Cornell Medical 
Center, USA.) 


attached to a tuberculin syringe (Fig. 23.3). The 
aspirate is flushed into a tube containing warm 
sperm culture medium and is transferred to 
the laboratory for examination. MESA can be 
repeated at a different site on the same epididy- 
mis (from the cauda to caput regions) and/or the 
contralateral epididymis until an adequate num- 
ber of motile sperm is retrieved [4]. 

If MESA fails to retrieve motile sperm, TESA 
or TESE can be performed as part of the same 
procedure. However, MESA often provides 
enough sperm for cryopreservation. A single 
MESA procedure usually enables the retrieval of 
a large number of high-quality sperm that can be 
used for ICSI or intentionally cryopreserved for 
subsequent ICSI attempts [60, 61]. 


Testicular Sperm Aspiration (TESA) 


This technique is used to retrieve sperm for non- 
obstructive azoospermia or in cases of failed 
PESA in men with obstructive azoospermia. 

In TESA, a needle is inserted through the scro- 
tal skin into the testis (Fig. 23.4). The needle is 
usually inserted into the antero-medial or antero- 
lateral portion of the superior testicular pole at an 
oblique angle toward the medium and lower poles. 
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These areas are the least likely to contain major 
branches of the testicular artery running superfi- 
cially underneath the tunica albuginea. These 
aspirations are usually carried out using either 
fine (testicular fine-needle aspiration; TEFNA) or 
large-diameter needles attached to a syringe. The 
testicular parenchyma is aspirated by creating 
negative pressure and the specimen is sent to the 
laboratory for microscopic examination. TESA 
can be carried out in the contralateral testis if an 
insufficient number of or no sperm are obtained 
during the first attempt. Alternatively, testicular 
parenchyma can be obtained percutaneously 
using a tissue-cutting biopsy needle (e.g., a Tru- 
cutTM needle or Biopty TM gun). For this proce- 
dure, the needle is placed against the testis and, 
upon release of the springer; the needle enters the 
parenchyma, cuts a piece of tissue and withdraws 
it into a sheath [62]. 

The technique of testicular fine-needle aspira- 
tion (TFNA) of the testis was initially described 
as a diagnostic procedure in azoospermic men 
[63]. Subsequently, testicular fine needle aspira- 
tion or biopsy for the recovery of spermatozoa 
has been described [64]. 

Percutaneous puncture and aspiration of the 
testis can be performed using a 21—23-gauge nee- 
dle connected to a 20-cc syringe in a Menghini 
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Fig. 23.4 Testicular 
Sperm Aspiration (TESA) 
(Illustrations used with 
permission from P N 
Schlegel, Cornell Medical 
Center, USA.) 


syringe holder. Percutaneous testicular needle 
biopsy can be performed with an automatic 
biopsy gun (Fig. 23.5). The limited published 
experience to date with TFNA makes critical 
evaluation of this technique difficult, although it 
has been shown that SSR is routinely possible 
with TFNA for men with obstructive azoosper- 
mia. SSR rates are much higher in obstructive 
patients with almost 100 % of procedures being 
successful compared to around 27 % in non- 
obstructive azoospermia [29]. However, recently 
a study has shown that up to four repeat TESA 
attempts in non-obstructive patients can have a 
success rate of 67 % [65]. 

Occasional haematoceles and hematomas are 
possible with this technique. The advantages of 
percutaneous aspiration techniques are that they 
can be performed with local anaesthesia, without 
open scrotal exploration and its attendant postop- 
erative discomfort, and without microsurgical 
expertise. 


Testicular Sperm Extraction (TESE) 


This technique is used to retrieve sperms for non- 
obstructive azoospermia, failed PESA or TESA 
in men with obstructive azoospermia. Testicular 
sperm extraction (TESE) is the most commonly 
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employed SSR technique in men with non- 
obstructive azoospermia and has much higher 
success rates in this group of patients compared 
to TESA. Systematic review reported the 49.5 % 
success of TESE in this group of patients [66]. 
The difference between TESE and TESA is that 
this technique involves an incision into the testes 
to remove a testicular tissue. 

TESE can be used to assess the degree of 
sperm production in the setting of azoospermia as 
well as to obtain sufficient tissue for sperm extrac- 
tion, either for immediate use or to be preserved 
as a frozen specimen for IVF with ICSI. The pro- 
cedure can be performed with unifocal biopsies 
from both testicles and open scrotal exploration 
for obtaining multifocal testicular biopsies. 


Unifocal TESE 


Through a scrotal incision the testis is exposed 
after opening the tunica vaginalis layer. The 
tunica albuginea is incised, and a piece of pro- 
truding testicular tissue is excised. The tunica 
albuginea and vaginalis is sutured in separate lay- 
ers and the skin incision is closed (Fig. 23.6a—c). 
It is an easy method and yields a good amount 
of tissue. But the drawback is that it is an open 
surgical procedure and there is risk of damage to 
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Fig. 23.5 Testicular 
sperm aspiration (TESA) 
with gun. (Illustrations 
used with permission from 
P N Schlegel, Cornell 
Medical Center, USA.) 


Fig. 23.6 (a-c) Unifocal testicular sperm extraction (TESE) 
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the testicular vessels whilst excising the testicular 
tissue and during incision and closure of the tunica 
albuginea. Testicular arteries are end-arteries, 
and hence multiple, conventional biopsies in men 
with testicular failure can demonstrably impair 
testicular function [67, 68]. 


Multifocal TESE 


Multifocal TESE can be performed under spinal/ 
general anaesthesia. A small either vertical incision 
in the median scrotal raphe or a transverse 2-3 cm 
incision is given after the scrotal skin is stretched 
over the anterior surface of the testis. The skin, dar- 
tos muscle and tunica vaginalis is opened to expose 
the tunica albuginea. Testes are exteriorised. The 
tunica albuginea is incised for up to 4 mm at mul- 
tifocal sites representing all areas of the testicle. 
Gentle pressure is applied to the testis to extrude 
a sufficient tissue volume, which is excised with 
sharp scissors. The same procedure is subsequently 
repeated on the contralateral testis. The tunica 
albuginea is closed with 3-0 Vicryl, and then the 
scrotal skin is closed separately using a continu- 
ous subcuticular 4-0 vicryl suture (Fig. 23.7a-k). 
Scrotal dressing and scrotal supporter are placed. 
Pain relief is given in the form of local infiltration 
with bilateral nerve block to the genital region. 

This technique is used in order to increase the 
success of SSR as often only a few areas within the 
testes are producing sperm in non-obstructive azo- 
ospermic males [29]. As a significant amount of the 
seminiferous tubules are removed in the procedure, 
studies have shown there to be an adverse effect on 
spermatogenesis temporarily and potentially in the 
long term too. As a result, repeat sampling is much 
more difficult [69]. Therefore surgeons are recom- 
mended to wait around 3-6 months for any repeat 
procedure in order to give the testes time to resume 
spermatogenesis [4]. 


Microsurgical Testicular Sperm 
Extraction (Micro-TESE) 


Micro TESE involves testicular sperm extrac- 
tion, involving micro-dissection with the help of 
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operating microscope. This technique was first 
described by Schlegel in 1999 and is used to 
retrieve sperms for non-obstructive azoospermia 
[61, 70, 71]. 

Micro-TESE is performed under general or 
regional anaesthesia. The scrotal skin is stretched 
over the anterior surface of the testis after 
which a 2—3-cm transverse incision is made [4]. 
Alternatively, a single midline scrotal incision 
can be used [70]. The incision extends through 
the dartos muscle and the tunica vaginalis. The 
tunica is opened, and identifiable bleeders are 
cauterized. The testis is delivered externally, and 
the tunica albuginea is examined. Then, a single, 
large, mid-portion incision is made in an avas- 
cular area of the tunica albuginea under 6-86 
magnification, and the testicular parenchyma is 
widely exposed in its equatorial plane. The tes- 
ticular parenchyma is dissected at 16-256 mag- 
nification to enable the search and isolation of 
seminiferous tubules that exhibit larger diameters 
(which are more likely to contain germ cells and 
eventually normal sperm production) in compari- 
son to non-enlarged or collapsed counterparts. If 
needed, the superficial and deep testicular regions 
can be examined, and microsurgical-guided 
testicular biopsies are performed by carefully 
removing enlarged tubules using microsurgical 
forceps. If enlarged tubules are not observed, any 
tubule that differs from the remaining tubules 
in size is excised [4]. The excised testicular tis- 
sue specimens are placed into the inner well of a 
Petri dish containing sperm media, and are sent 
to the laboratory for processing and sperm search 
[4]. The tunicas albuginea and vaginalis are then 
closed in a running fashion using non-absorbable 
and absorbable sutures; dartos muscle is closed 
with interrupted absorbable sutures, respectively. 
Immediately prior to complete closure, 3 cc of 
1 % xylocaine solution may be injected into the 
subcuticular layers. The skin is closed using a 
continuous subcuticular 4-0 vicryl suture. Scrotal 
dressing and scrotal supporter are placed. 

Direct vision with the operating microscope 
in microdissection TESE is of great advantage, 
since larger, more opaque, whitish tubules, pre- 
sumably containing more intra-tubular germ cells 
with active spermatogenesis, can be identified. 
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Fig. 23.7 (a-k) Multifocal testicular sperm extraction (TESE) 
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Fig. 23.7 (continued) 


Generally, the testis is small in patients with 
NOA involving severely impaired spermato- 
genesis, such as in Sertoli cell only syndrome 
(SCOS) and Klinefelter syndrome. Minute foci 
of normal spermatogenesis in the small testis can 
be detected under the operating microscope; only 
tiny portions need to be removed, minimizing 
operative damage. 

The use of microsurgical techniques in sperm 
extraction represent a newer approach to retrieval 
and appear to have a higher success rate and a 
lower risk of reducing spermatogenesis following 
the procedure as less tissue is removed. These may 
form the future of SSR [29]. 

Percutaneous SSR is an effective method to 
retrieve sperm in men with obstructive azoosper- 
mia irrespective of the cause of obstruction but 
chance of achieving a live birth and the after 
sperm injection is not related to the cause of 
obstruction [61]. Cochrane review [61] showed 
that no specific SSR technique for azoospermic 


men is preferable to achieve better outcome 
undergoing ICSI. In the absence of robust evi- 
dence it is recommended to use the least invasive 
and simplest technique available. 

The number of spermatozoa collected with 
testicular sperm extraction is linked to the 
number of clinical pregnancies, independent 
of the number of ICSI cycles and the number 
of oocytes collected/injected. FSH level and 
testicular volume are also linked to ICSI suc- 
cess [72]. 


Post Operative Complications 


Carefully performed testicular biopsy is asso- 
ciated with few complications. Postoperative 
complications of SSR techniques include per- 
sistent pain, swelling, infection, hydrocele and 
hematoma formation [71, 73]. The complica- 
tion rates vary depending on the SSR technique. 
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Percutaneous retrievals have an increased risk of 
hematoma compared with open techniques [45, 
74]. Nevertheless, except for minor pain and local 
swelling, there have been no reports of clinically 
significant intra- or postoperative complications 
with PESA [56]. 

The incidence of complications after SSR, 
including persistent pain, swelling, infection, 
hydrocele, and hematoma, ranges from 0 to 70 % 
(71, 73]. Patients who undergo TESE, with single or 
multiple biopsies have increased risk of intra-testic- 
ular hematoma formation and therefore scrotal sup- 
portis given at least 24 h after surgery. Large-volume 
conventional TESE has been associated with a 
higher risk of a transient or even permanent decrease 
in serum testosterone levels due to testicular devas- 
cularisation and excessive tissue removal [75, 76]. 
On the other hand, the incidence of complications is 
lower following micro-TESE compared to conven- 
tional TESE [66, 70, 77]. 

In micro-TESE, the testicular vessels under 
the tunica albuginea are identified prior to the 
placement of an incision in the testis. In addition, 
the use of optical magnification and microsurgi- 
cal techniques allows the preservation of the 
intra-testicular blood supply [56]. But the risk of 
serum testosterone insufficiency has been docu- 
mented following micro-TESE in patients with 
Klinefelter syndrome who already have dimin- 
ished androgen production due to small atrophic 
testicular volume [73]. Nonetheless, it has been 
observed that serum testosterone levels returns to 
pre-surgical values in most individuals within 12 
months following surgery [76]. Any procedure 
that requires a general anaesthetic also carries an 
increased risk of complications. 

Given the potential serious postoperative 
complications of SSR, it is recommended that 
these procedures be performed by surgeons who 
have specific training in the above-mentioned 
techniques [76]. 


Post Operative Care After SSR 


SSR is a relatively low risk procedure and is per- 
formed as a day case procedure, with patients 
being discharged 4-5 h after surgery. The patient 
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Fig. 23.8 Post-operative scrotal dressing after surgical 
sperm procedure 


should not be allowed to leave for home with- 
out an accompanying person. The recovery time 
depends on what technique was used and can 
range from a few days to a couple of weeks. Most 
patients can return to light office work in 24-48 
h after percutaneous retrievals. Bed rest is rec- 
ommended for the first 48 h, especially follow- 
ing open retrievals. The patients are instructed 
to keep the pressure dressing and scrotal support 
on for at least 24 h to reduce the risk of testicu- 
lar haematoma formation and bruising that can 
happen in the immediate postoperative period 
(Fig. 23.8). They are encouraged to take warm 
showers and wash the incision area with soap and 
water after 24 h and keep the area dry, but to avoid 
hot baths to prevent infection. Most men will be 
instructed to avoid strenuous activity and use a 
scrotal or athletic supporter, for approximately 1 
week after the procedure or until they are fully 
recovered. This reduces the risk of chronic tes- 
ticular pain in the long run. Oral analgesia is 
generally prescribed for 3—5 days. Postoperative 
antibiotics are not routinely prescribed but just 
given as a single dose of antibiotic peri-opera- 
tively. Patients are instructed to resume a normal 
diet and increase their daily activities to a normal 
level over a 3-4-day period. The patient should 
abstain from sports activities, heavy lifting and 
sexual intercourse for approximately 10 days 
[56]. Moreover, patients should be informed of 
the likelihood of scrotal swelling and ecchymosis 
at the wound site, as well as mild discomfort that 
should subside in approximately | week [4]. 
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A follow up appointment in the clinic is 
arranged in 2 weeks to assess the postoperative 
recovery and to discuss the results. If sperms are 
successfully cryosperserved then discussion of 
IVF with ICSI treatment is taken place. Failing 
that, option of donor sperm and adoption is dis- 
cussed. A scrotal ultrasound may be indicated 
in cases with any complications after surgery 
or where repeat surgery is required; In that case 
determination of hormone levels, including total 
and free testosterone, FSH and LH level, is also 
recommended in 6 months. The author suggests 
that patient selection should be done appropri- 
ately and the right procedure is selected in order 
to avoid repeat procedure and reduce morbidity 
associated with repeat testicular biopsies. 


Surgery to Improve Sperm 
Production 


Varicocele Repair (Varicocelectomy) 


Varicoceles are thought to be present in approxi- 
mately 15 % of the normal male population but 
are found in around 35 % of infertile men [4]. 
They are an abnormal enlargement of the scrotal 
veins which can reduce venous drainage and can 
result in elevated scrotal temperature, disrupting 
spermatogenesis. Varicoceles are considered to 
cause progressive damage to the testes with sper- 
matogenesis decreasing over time. Larger vari- 
coceles appear to cause more damage than small 
varicoceles and, conversely, repair of large vari- 
coceles results in greater improvement of semen 
quality. The prevalence of varicocele in men with 
secondary infertility is higher compared to those 
evaluated for primary infertility [78, 79]. 


Improvement in Sperm Parameters 

Varicocelectomy can halt the progressive 
duration-dependent decline in semen quality 
found in men with varicoceles. The earlier the age 
at which varicocele is repaired, the more likely 
is recovery of spermatogenic function. A num- 
ber of studies suggest varicocele repair results 
in improved semen quality, especially sperm 
morphology and motility. Multiple reports have 
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documented improvement in sperm counts after 
varicocelectomy with more benefit observed in 
men with sperm concentrations of >10 million/ 
ml [80]. Men with decreased testicular size per- 
sistently show less improvement in sperm count 
[81, 82] while higher grade and larger size of the 
preoperative varicocele is associated with greater 
improvement in semen quality [83, 84]. However, 
as roughly 80 % of the male population with vari- 
coceles are fertile, the risks of surgery should be 
weighed up with the likelihood of improved fer- 
tility following the procedure [29]. 


Effects on Conception After 

Varicocele Repair 

There remains a debate on whether the procedure 
results in increased pregnancy rates or not [29]. A 
recent Cochrane review analysed 8 randomised 
controlled trials of couples who were having dif- 
ficulty conceiving where the male was diagnosed 
with either a subclinical or clinical varicocele 
with normal or abnormal semen analysis. It indi- 
cated that there was no benefit of treating a vari- 
cocele as there was little change in pregnancy 
rates following the procedure [85]. However, a 
meta-analysis published in 2007, evaluated 5 
studies looking at males with palpable varico- 
celes with abnormalities in their sperm. It was 
found that there was a substantial improvement 
in pregnancy rates following varicocele treatment 
[86]. Therefore, these reports suggest treatment 
of varicoceles should be restricted to patients 
who have a clinical varicocele and at least two 
abnormalities in their semen analysis. 


Surgical Techniques for Varicocele 
They are the commonest treatable cause of male 
infertility [3]. Surgical procedure used to treat 
varicocele is called varicocelectomy [23]. The 
main aim of varicocele repair is to remove or 
thrombose the veins which are contributing to the 
varicocle as well as others that have a potential 
to form variccocle in the future while preserving 
adequate venous drainage and preventing dam- 
age to the arteries, vas and lymphatics. 

Surgical repair remains the most popular 
form of treatment for varicocele and it can be 
achieved by conventional open varicocelectomy 
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(retroperitoneal high ligation, inguinal and sub- 
inguinal ligation), laparoscopic/robotic varicoce- 
lectomy and microsurgical varicocelectomy [87]. 
In recent years, however, a safe and effective 
nonsurgical alternative called varicocele embo- 
lization is becoming the treatment of choice for 
many patients and their doctors. 


Reconstructive Surgery of the Vas 
Deferens and Epididymis 


The number of men undergoing vasectomy 
has not changed over years. Up to 6 % of men 
(approximately 30,000 men each year), change 
their minds after vasectomy and wish to father 
children again. Although intended for perma- 
nent sterilization, vasectomy can be reversed in 
most men seeking to restore their fertility due to 
a change in marital status or reproductive goals. 
Furthermore, obstructive azoospermia can be the 
result of iatrogenic injuries to the vas deferens, 
usually from hernia repair [88] in 6 % of azo- 
ospermic men [89]. 


Preoperative Evaluation 


Due to advances in the microsurgical field, vasec- 
tomy reversal and reconstructive surgery is tech- 
nically feasible in most men but its indications 
and ultimate success depend on both male and 
female fertility factors. Female age, tubal patency 
and other fertility issues should be considered 
carefully in discussion regarding prognosis for 
achieving a successful pregnancy after vasec- 
tomy reversal [90]. 

The choice between reconstructive surgery 
and SSR with assisted reproductive techniques 
(ART) should be presented and discussed and it 
should also be considered whether the couple 
plans to have one or more children as well as the 
comparative costs of the two strategies. Available 
data suggest that the cost per live birth achieved 
with ART can be greater than that associated with 
vasectomy reversal [11]. Physical examination 
should be carefully undertaken to assess the scro- 
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tal contents. Small or soft testicles suggest 
impaired spermatogenssie and predict a poor out- 
come. Epididymal fullness suggests obstruction 
at that level but may not predict accurately which 
patients will require vaso- epididymostomy or 
vaso-vasostomy [91]. Examination may reveal 
large segments of the vas deferens were removed 
and help to identify those in whom the standard 
incision may need to be modified. Also the pres- 
ence of a hydroceles may also point toward 
secondary epididymal obstruction. Scars from 
previous surgery, operative scars in the inguinal 
or scrotal region should alert surgeon to the pos- 
sibility of iatrogenic vasal or epididymal obstruc- 
tion. An elevated FSH predicts impaired 
spermatogenesis and a poorer prognosis. 

About 60 % of men develop circulating anti- 
sperm antibodies after bilateral vasectomy [92] 
and it has been suggested that they reduce the 
chance for successful conception [93] but the 
value of pre-operative antisperm antibody test- 
ing remains controversial and unproven [94, 95]. 
However, the overall postoperative conception 
rate after vasectomy reversal is relatively high 
(50-70 %) [96] and the presence of antisperm 
antibodies does not correlate closely with post- 
operative fecundability. 


Anaesthesia 


Reconstructive surgery may be performed 
using local, regional, or general anesthesia; the 
choice depends entirely on the preferences of 
the surgeon and patient. In cooperative patients, 
regional or even local anesthesia with sedation 
can be used if the vasal ends are easily palpable 
and the surgeon is confident that only VV may 
suffice. But when large gaps are present, exten- 
sion of the incisions high into the inguinal canal 
may be necessary. Moreover, if vaso-epididy- 
mostomy is necessary, the operating time could 
exceed and therefore local anaesthesia may limit 
the options available to the surgeon as it is sel- 
dom possible before surgery to determine with 
certainty which procedure will be required [97, 
98]. Also, under local anaesthetic, slight move- 
ments are greatly magnified by the operating 
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microscope and disturb performance of the anas- 
tomosis. Therefore, either general anaesthesia or 
regional anaesthesia with an indwelling catheter 
can be equally effective. 


Types of Techniques 


As mentioned above, two surgical procedures 
known as vasovastomy (VV) and vasoepididy- 
mostomy (VE) are employed to correct obstruc- 
tions within the epididymis or vas deferens [4]. 
Some surgeons first perform PESA and/or testic- 
ular biopsy to see if sperm are present or not. In 
case of positive results they will proceed with the 
reconstructive procedure. 

Frequent causes of obstruction include previ- 
ous inguinal surgery especially vasectomy. As 
the lumen of the vas deferens and epididymis is 
extremely narrow, microsurgery is a much more 
precise technique compared with macroscopic 
anastamosis. Microsurgical reconstruction of this 
part of the genital tract allows couples to have 
a natural pregnancy and is considered to be the 
most effective treatment if successful [23]. 


Vasovasotomy 

A VV, involves rejoining the ends of the vas def- 
erens through an incision in the scrotum. This 
procedure is often performed to reverse a vasec- 
tomy. Studies have shown the amount of men 
opting for vasectomy reversal is increasing and is 
now in between 2 and 6 % [99]. Various factors 
can alter the efficacy of the surgery especially 
the length of time after the vasectomy with long 
obstructive periods decreasing pregnancy rates. 
A large study conducted by the Vasovasostomy 
Study Group observed that both patency rates 
(return of sperm to the semen) and pregnancy 
rates after VV decrease as the time since vasec- 
tomy increases [100]. However with advances in 
the micro-surgical techniques, this misconcep- 
tion is been proved wrong. While the age of the 
vasectomy (or the obstructive interval) is a fac- 
tor, there is no time cut off where a vasectomy 
reversal will not work [99]. The procedure has 
high success rates of around 70-99 % due to 
recent advances in the microsurgical technique 
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[23]. Surgical skills of the operating surgeon is 
also an important predictor for vasal patency. 
Post-operative semen quality and the age of the 
female partner determine the chance of spontane- 
ous conception in these couples [99]. 


Vasoepididymostomy 

VE involves the microsurgical anastamosis of the 
vas deferens to the epididymal tubule through an 
incision in the scrotum. It is the most technically 
demanding procedure in all of microsurgery and 
is amuch more challenging operation than a VV 
[23]. VE is indicated if there is thought to be an 
obstruction in the epididymis, if a previous VV 
has been unsuccessful or there has been a long 
period of time following a vasectomy procedure. 
It has been shown that patients rarely require 
a VE if they had their vasectomy within last 3 
years. However, around 43 % of patients who 
had the procedure more than 14 years ago will 
require a VE [98]. Although there is a huge varia- 
tion between surgeons, success rates for the pro- 
cedure are between 48 % and 63 % with 21-45 % 
of couples managing to conceive [29]. In virtu- 
ally no other operation, the results are dependent 
on technical expertise therefore microsurgical 
vasoepididymostomy should only be attempted 
by experienced microsurgeons who perform the 
procedure frequently [23]. 

Those men who undergo reconstructive pro- 
cedure should be given the option for intraopera- 
tive sperm harvesting and cryopreservation for 
two reasons. Firstly, it will save the patient going 
through repeat surgery should the reconstruc- 
tive surgery fails. Secondly, cryopreservation of 
sperm obtained during vaso-epididymostomy is 
particularly important because approximately 
35 % of men remain azoospermic after surgery 
[101]. In one study, motile sperms were found in 
the vasal and epididymal fluid in 35 % of 603 men 
undergoing vasectomy reversal [102]. Although 
harvesting and cryopreservation of sperm during 
vasectomy reversal is recommended by Glazier 
et al. 1999 [103], but other clinicians believe it is 
neither useful nor cost effective [104, 105]. 

Finally, plans to harvest sperm for cryopreser- 
vation must be coordinated carefully with local 
laboratory personnel to ensure that the laboratory 
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is ready to receive the sample and the harvested 
sperm are prepared in small aliquots suitable for 
later use in one or more attempts with ICSI [106]. 


Postoperative Issues 


Pressure dressing and scrotal support is provided 
after reconstructive surgery. Perioperative anti- 
biotics are used. The patient is advised to wear 
scrotal support at all times for 6 weeks postopera- 
tively. No heavy work or sports are allowed for 3 
weeks. No intercourse or ejaculation is allowed 
for 4 weeks postoperatively. Semen analyses are 
obtained after 1, 3 and 6 months postoperatively. 
The most common complication is hematoma 
formation. Late complications are sperm granu- 
loma formation at the anastomotic site leading 
to stricture and obstruction later. Because of the 
significant rate of late stricture and obstruction, 
it is advisable to cryopreserve semen specimens 
as soon as motile sperm appear in the ejaculate. 


Transurethral Resection 
of the Ejaculatory Duct 


Ejaculatory duct obstruction is reported to be the 
cause of azoospermia in up to 5 % of patients 
[107]. Severe oligozoospermia and motility dis- 
orders have also been reported [107-109]. 
Aetiologically speaking, in addition to the con- 
genital form which is often caused by cysts of the 
mullerian duct, the obstruction can be acquired 
due to an infection caused by chlamydia, prosta- 
titis, tuberculosis of the prostate and other patho- 
gens. However, in many patients, there is no 
history of an inflammation and the underlying 
cause simply remains unknown [108, 109]. In the 
ejaculate analysis, typically low-volume azo- 
ospermia, low pH and missing or decreased fruc- 
tose content suggest this kind of obstruction, 
after exclusion of ejaculatory disorders and con- 
genital absence of the vas deferens [110]. 

The recommended treatment for this is trans- 
urethral resection of the ejaculatory ducts 
(TURED). This procedure is performed to treat 
obstructive male infertility conditions such as 
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ejaculatory duct or seminal vesicle cyst obstruction. 
This is performed through a resectoscope placed 
through the urethra. Patients usually receive spinal 
or general anesthesia. The blockage of these struc- 
tures can cause blockage of the sperm from 
becoming part of the seminal fluid and therefore it 
can cause male infertility. Prior to the procedure, 
testicular biopsy is performed to evaluate sper- 
matogenesis [60]. Surgery is a success in 38-79 % 
of patients resulting in increased semen volume 
and quality [107, 108, 111], with the best data 
regarding patency being about 60 % [112]. 
However a considerable number of patients expe- 
rience re-obstruction of the duct after a period of 
time and because of this pregnancy rates are 
around 33 % [60]. In all cases of patency, cryo- 
preservation of ejaculate is suggested in the fol- 
low-up, giving the patient a real chance to father a 
child in spite of the danger of restenosis [107, 
113]. Although the procedure boosts fertility rates, 
it does have several complications such as the 
reflux of urine into the ejaculatory ducts and vas 
deferens or problems with ejaculation which can 
reduce the success of the procedure [29]. 


Conclusions 

The substantially increased success in the 
management of male factor infertility wit- 
nessed in the recent years is attributable to 
improved techniques in microsurgical recon- 
struction for obstruction, varicocelectomy for 
enhancement of spermatogenesis, and refined 
surgical techniques for SSR. This in combina- 
tion with the successful application of IVF 
with intracytoplasmic sperm injection (ICSI) 
has given hope to infertile men. Even men 
with testicular failure once regarded as hope- 
less cases, can now father biological offspring. 
This is due to extensive modifications and 
advancements that has occurred in the field of 
reproductive medicine and surgery. Different 
diagnostic strategies and management modali- 
ties for male infertility has made male infertil- 
ity one of the fastest growing field of medicine. 
SSR from men with non-obstructive and 
obstructive azoospermia is now possible with 
the use of ICSI and has shown excellent preg- 
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nancy rates in patients with obstructive azo- 
ospermia and acceptable pregnancy rates for 
NOA. 

Multiple TESE procedures may cause both 
transient and occasional permanent alterations 
in testicular function including testicular atro- 
phy and decrease testosterone levels. 
Therefore, given the potential serious postop- 
erative complications of SSR, it is recom- 
mended that these procedures be performed 
by surgeons experienced in testicular anatomy 
and physiology and who have specific training 
in the above-mentioned techniques. 


Key Practice Points 

1. Azoospermia is found in 15-20 % of 
infertile men. 

2. Due to the higher risk of testicular can- 
cer among infertile men, scrotal ultra- 
sound is recommended in the evaluation 
of men with severe oligozoospermia 
and azoospermia. 

3. Azoospermic men with Y chromosome 
AZF-b and AZF-a micro-deletions 
have extremely poor prognosis for 
SSR. 

4. The use of microsurgical techniques is 
associated with a higher chance of SSR 
and a lower risk of testicular damage. 

5. Treatment of varicoceles to improve 
pregnancy rates is controversial and will 
depend of multiple factors including the 
presence of female fertility factors but 
should only be considered if clinically 
evident and in the presence of at least 
two abnormalities in the semen 
analysis. 


Acknowledgement Dr P N Schlegel, Cornell Medical 
Centre, USA. 
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